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COMMITTEE ON WAR MEDICINE, MAYO ASSOCIATES 
representing the 
MAYO CLINIC AND MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH 
Dr. D.C, Balfour, Dr. C.W, liayo*, Dr. R.D. Mussey, Dr. AsR. Barnes and Mr. H.dJ, Harwick 


STAFF OF THE MAYO AERO MEDICAL UNIT 


Responsible Investigators 


High Altitude Laboratory: Walter M. Boothby, Chairman. Member of the Subcommittee 
on Oxygen and Anoxia of the Committee on Aviation Medicine, National Research Council. 


Acceleration Laboratoryt#* E,J, Baldes, Vice Chairman. Member of the Subcommittee 
on Acceleration of the Committee on Aviation Medicine, National Research Council. 
C.F, Code, Secretary. Member of the Subcommittee on Decompression Sickness 


of the Committee on Aviation Medicine, National Research Council. 


Investigators 
Staff of the Mayo Clinic and Mayo Foundation: (Full time) E.J, Baldes, J.B, Bateman, 
W.M. Boothby, A.H. Bulbulian, C.F. Code, H.F. Helmholz, Jr., E.H. Lambert, W.R. 
Lovelace, II and E.H. Wood, (Part time) J.D. Akerman,?*** J, Berkson, H.B, Burchell, 
P.L. Cusick, H.E, Essex, [,A, Hallenbeck, W,W. Heyerdale, H.C. Hinshaw, J. Piccard, 
M.H, Power, ©. Sheard, J.H. Tillisch, M.N. Walsh and M.M.D, Williams. 
Fellows of the Mayo Foundation: R,. Bratt, B.P. Cunningham, WH, Dearing, E.W. Erickson, 
NE. Erickson, J.H. Flinn, J.K,. Keeley, J. Pratt, F.J. Robinson, R.I. Rushmer, G.F, 
Schmidt, H.C. Shands, H.A. Smedal, A.R. Sweeney, A. Uihlein, R. Wilder, Jr., J. Wilson 
and KG, Wilson, 
Officer assigned by the Air Transport Command of the Army Air Forces: KR. Bailey, pilot. 
Officers assigned by Air Surgeon's Office: 0.0, Benson, Jr., J.W. Brown, J.H. Bundy, 
D. Coats, E, Eagle, M.F. Green, JR. Halbouty, RB. Harding, JP. Marbarger, MM, 
Guest, 0.0, Olson, C.M. Osborne, H. Parrack, N. Rakieten, J.A. Resch, H.A. Robinson, 
H.E. Savely, C.B. Taylor, L, Toth and J.W.s Wilson. 


Officers assigned by the Navy: W. Davidson and D.W,. Gressley. 
Officers sent by other governments: J.R. Delucchi, Argentina, and R.T,. Prieto, Mexico. 


Other investigators: M,. Burcham, C.J, Clark, M.A. Crispin, R.E. Jones, G, Knowlton, 
H, Lamport, ©.A. Lindbergh, C.A. Maaske, GL. Maison, A. Reed and R.E, Sturm, 


Technicians 


High Altitude Laboratory: Henrietta Cranston, Lucille Cronin, Ruth Knutson, Eleanor 
Larson and Rita Schmelzer; Margaret Jackson (from Wright Field). 


Acceleration Laboratory: L, Coffey, R. Engstrom, H, Haglund and A, Porter; Ruth 
Bingham, Velma Chapman, Marjorie Clark, Wanda Hampel and idarguerite Koelsch, 


Secretaries 
Evelyn Cassidy, Esther Fyrand, Marian Jenkins and Ethel Leitzen,. 


* Before going into military service. 


%% The major reports of the Acceleration Laboratory will be published shortly in the 
monograph entitled "Tle Effects of Acceleration and Their Amelioration," edited 
by the Subcommittee on Acceleration of the Committee on Aviation Medicine of the 
National Research Council. 

wi From the Department of Aeronautical Engineering, Univers 
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SUMMARY 


The final report of the Mayo Aero Medical Unit inoludes a list of 
our coeworkors, a brief history of the development of the Unit and a very short 
account of the chief problems investigated, 


Charts illustrating the more important physiologic data contained 
in our various roports have been arranged in eight subject groups to present a 
fairly comprehensive summary of the research carried out in the High Lititude 
Laboratory. The data of the Acocleration Laboratory is being presented later 
in a monograph ferm, 


Complete bibliography of both the High Altitude and Aoccleration 
Laboratories is attached, 
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HISTORY, SOME OF THE MORE IMPORTANT CHARTS CONTAINING DATA, AND COMPLETE BIBLIOGRAPHY 
FOR BOTH THE HIGH ALTITUDE AND ACCELERATION LABORATORIES, 


Rospensible Investigaters of the Mayo Aero Medical Unit: 
High Altitude Laboratory: 


Walter M, Boothby, Chairman, Member of the Subcommittee on Oxygen and 
Anoxia of the Committee on Aviation Medicine, National Research Council. 


Acceleration Laboratory: 


E. Je Baldes, Vice-Chairman. Member of the Suboommittee on Aoceleration 
af the Committee on Aviation Medicine, National Research Counoil, : 


C. F, Code, Secretary, Member of the Subcommittee on Decompression 
Sickness of the Committee on Aviation Medicine, National Research Council, 


Investigaterss 

(A) Pull time staff for 1 year or moros E,. J, Baldes, J. Be. Bateman, 
W, M. Boothby, A. H. Bulbulian, C, F, Code, H. Fe Helmholz, Jr., E. He Lambert, 
W, R, Lovelace, II, Re EB, Sturm and BE, H. Woods 


(B) Part times J, D, Akerman, J. Berkson, H, B. Burchell, Py le Cusick, 
G, A, Hallenbock, W, W, Heyerdalec, H. C, Hinshaw, Rs. BE. Jones, J, Piccard, M, H, 
Power, C,. Sheard, J. H. Tillisch, M. N, Walsh and M, M, D. Williams, 


Officer assigned by Air Transport Command of the Army Air Forees for acceleration 
studicss: K, Re Bailey, pilot, 


Officers sent by Air Surgeon's Offioe for periods of 1 month to l years 0, O, Bonson, 


Srey, J. W. Brown, E, Eagle, M. F. Green, J. R. Halbouty, J. P. Marbargor, M. M. Guest, . 


0, C. Olson, C, M, Osborne, H, Parrack, N, Rakieten, J. A. Resoh, H. 4A. Robinson, 
C. B. Taylor and L, Toths also J, W. Wilson from Wright Field for joint aoclimatiza-~ 
tion investigation at Colorado Springs. 


Officers sent by the Navy who were assigned for an appreciable length of times 


W, Davidsen and D, W, Gressleye 
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Officers sent by other governments: J, R. Deluochi, Argontina, and R. T, Prieto, 
Mexico. 


Other investigators who did sotual works: M. Buroham, C. J, Clark, M. A. Crispin ,C@Mmaacha 
G Fnowlton, if, Lampert, C, A, Lindbergh and i Mai sone 


Assistant investigators: R, Bratt, B. P, Cunningham, N, E. Eriokson, J. H. Flinn, 
Je K, Kecley, J. Pratt, F, J. Robinson, R. F. Rushmor, G, F, Sohmidt, H, C, Shands, 
H, 4. Smedal, A, Re Swoency, A. Vihloin, Re Wildor, Jr., J, Wilson and K, G, Wilson, 


High Altitude Laboratory teohnicianss Henrietta Cranston, Lucille Cronin, Ruth 
Ynutson, Eleanor Larson and Rita Schmelzers Margaret Jackson (from Wright Field), 


Acceleration Laboratory teohnicians: L, Coffey, R. Engstrom, H, Haglund and A, Porters 
Futh Bingham, Velma Chapman, Marjorie Clark, Wanda Hampel and Marguorite Koelsoh, 


Scoretariess Evelyn Cassidy, Esther Pyrand, Marian Jenkins and Ethel Leitzen,. 


Visitors: Our guest book contains the names of many noted Air Forees personnel and 
eivilian investigators from our own country and from our Allics, As some came on 
what at the time were confidential missions, it is best not to inolude any list, 
although each one contributed many very important and valuable suggestions which 
helped greatiy, 
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The rosponsible investigators realize that any important or valuable 
results either scientific or military that have emanated from the Mayo Aero Medical 
Unit are due to completo whole-hearted cooperation on the part of all who were in 
any way connected with the Mayo Acro Medical Unit, This cooperation was extended 
to and reciprocated by all the governmental agencies, civilian and military, con-= 
cerned with our cfforts as well as with the staff of all the industrial groups who 
perfectod our laboratory models to meet the needs of large soale production for the 
Army and Navy Air Porees, Of necessity our work was largoly applied research and 
noi an attemvs to adyanee pure scienoe nor to obtain data for World War III. The 
atomic scicntists bad an unparalleled opportunity to "mass investigate" the fundae 
mental relationship between mass and energy because of the tremendous power attainable 

if release was successful, Not so in aviation medicine = our duty (at least so it 
seemed to us) was immediately to use the scientifio facts already known, or should 
wo say salect the best established facts and theories and then retest and measure 
their applicability and efficiency, in the construction of practicable apparatus 
and procedures to increase the safety of both civilian and military aviators, 
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The serious effect of anoxia on the human organism in sickness and in 
health has been long recognized, Its importance in military medicine and in aviation 
was investigated and emphasized especially by Haldane in World War I, Studies on 
anoxia and methods of oxygen administration have been carried out in the Metabolism 
Laboratory of the Mayo Clinic and Foundation since 1918 by Dr. Boothby, The oxygen 
chambers installed in 1925 for clinical therapy proved very useful in the early 
studies in aviation medicine and were used frequently by the addition of nitrogen 
to simulate altitude during 1938 and early 1939, As a result of this work the 
_ Board of Governors of the Mayo Clinic and Foundation, represented by Dr, C. W, Mayo, 
_ decided to expand the facilities and increase the personnel available for research 
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in the broad aspeots of aviation medicine, Farly in 1939 the first low pressure 
chamber in a civilian laboratory in the United States was installed and studies on 
high altitude physiology were intensified after the full-time assignment of Dr, 

We. R. Lovelace, II, to the laboratory by the Mayo Foundation, 


Simultancously carly in 1939 Dr, A. H, Bulbulian, in conjunotion with 
Dr. Lovelacc and Dr. Boothby, started to develop oxygen masks (B,L,B,) suitable for 
use both in clinical medicine and in aviation, At that time no socourate data wore 
available on how much oxygen was nocded out of a cylinder to maintain an aviator in 
normal condition or to what altitudes an aviator could go and still function normally, 
Therefore, studies not only on oxygen equipment but on the rates of flow needed at 
inoreasing altitudes had first to be oarried out, theoretically, on the basis of a 
constant tracheal oxygen pressure for a respiratory volume of 10 liters (B,T,P,S,) 
per minute at rest and for moderate work at a respiratory volume of 20 and of 30 
liters per minute and, sccond, to confirm such caloulations by actual determination 
of the alvcolar COg and Oo pressures at inorcasing altitudes, 


In conjunction with Dr. J, A. Hoidbrink, the constant flow kinetio type of 
flow meter was calibrated in 2 specially designed glass boll jar that could bo easily 
evacuated to desired pressure altitude for the appropriate flows of oxygen per minuto 
(3.T.P.D.) needed to maintain aviators normal at rest and at work, 


By the middle of 1939 the administration of oxygen by means of the B,L,.B, 
oxygen mask was being used extensively for oxygen thorapy at the Mayo Clinic, 


The various clinical conditions which were found to be helped by the use 
of high concentration of oxygen were rapidly widening, In the practical application 
and in a better understanding of the underlying physiological mechanism of oxygen 
therapy we were greatly aided by the visit of the neted British scientists, Dr, 
Henry Tidy, Dr, J, Forest Smith and Prof, B. A, McSWiney, o11 from St, Thomas Hospital, 
London, Great Britain at that time was fearful of massive poison gas attacks on the 
civilian population from German airplanes should war develop, and the soiontists were 
sont by the Royal Society to detormine with utmost speod the practicability of olini«: 
eal administration of high oxygen concentration, They and our entire laboratory 
staff worked intensivoly on many problems of oxygen therapy and in making comparative 
tests of the various methods for administration, In conjunction with Prof, McSwiney 
a series of alveolar air determinations were obtained when using various modification: 
of masks and other types of apparatus on three subjects, small, medium and large, at 
increasing rates of oxygen flow from 1 to 10 liters per minute, 


The mothods of technic used in these cxperiments were primarily planned for 
studying clinical oxygen therapy at ground level, However, the same methods were 
immediately found applicable in studying the effects of oxygen administration, both 
by a constant flow reservoir rebreathing mask and by the demand type mask, to subjects 
at simulated high altitude in low pressure chambers, Thus was perfeoted a routine 
method by which the efficiency of various types of oxygen administration could bo 
positively and accurately determined on aviators, As a result it was possible to 
establish not only the optimum oxygen requirement needed by aviators for all altitudes 
but also the minimum specification permissible, It was found that so0 far as anoxia 
was concerned, the dosirable specification was the maintenanoce of the same conoontra= 
tion of oxygen in the "tracheal" air as exists at or near sea level where 


Tracheal p05 = (B47) 0.21, 
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A definite educational program was instituted so that aviators = flyers 
and manufacturers — would become acquainted with the desirability of the use of oxygon 
at altitudes in excess of 10,000 or 12,000 fect, and its absolute necessity for 
altitudes in excess of 15,000 feet if the aviators were to remain Shore for more 
than a fow minutes, 


Several commercial airlines shortly began to install the new types of 
equipment as they became available for the administration of oxygen, not only for the 
pilot and co-pilot but also in some instances for passengers. 


Simultaneously studics were initiated at the Mayo Aero Medical Unit on how 
to protect aviators from develeping bends such os were known to be common to divers 
upon ascending from considerable depths of water, Many experiments were carricd out 
to determine the rate at which the body nitrogen could be climinated at rest and at 
work. The experimental data when plotted (see attached chart) on semi~logarithmio 
paper showed curves both for the e#periment at rest and at work which suggested an 
asymptote around 1200 to 1500 oc, However, when plotted on log-log paper the indie 
vidual experiment showed that the data ropresenting accumulated nitrogen climination 
fcll on perfeotly straight lines within the limits of 120 minutes, This logwleg 
plot was very convenient beonuse it oould of course be dircotly transformed into a 
straight line indicating rate of elimination in cubio centimeters per minute, In 
one experiment the rate of elimination when extrapolated passed very close to the 
rate of elimination directly determined on another day on the same subject after 
breathing oxygon for cight hours, 


The straight lines:nnd their change in slope at rest and at work indicates 
that at loast two major factors control the rate of nitrogen eliminations: (1) tho 
concentration of nitrogen in the body tissucs and (2) the rate of circulation of the 
blood stream, These important points were not at the time investigated in greator 
detail as to do so new apparatus had to be constructed, 


The beneficial effect of denitrogenation by breathing oxygen with and 
without excroise was established in the laboratory in 1939 as a practical method of 
proventing the bends, The value of denitrogenation in actual flight at high altitudo 
was studied in conjunction with the Experimental Flight Department of the Bocing 
Ajroraft Company. The results of these studics, at that time "confidential," were 
presented in «a statistical report by Enginccring Test Pilot Marvin Michael and by 
Dr. W. E, Russell to a closed session of the Aero Medical Association at Indianapolis, 
Indiana in September 1942, A photograph showing the method then in uso as preliminary 
to flights between 30,000 and 40,000 fect appeared in Bocing News, Vol, XI, No, 5, 

May 1941. 


These various investigations so bricfly enumcrated here also attractod the 
attention of other aircraft manufacturers who were designing new high altitude 
aircraft and of the test pilots who expected soon to be testing such airplancss the 
latter appreciated efforts to reduce the hazard of their tests, 


Visits by these test pilots to the laboratory for indoctrination increased 
their timely and pertinent suggestions the ability of the rapidly growing group 
of investigators at the Mayo Aero Medical Unit to direct their advice and rescarch 
along preoticallines for the safcoty of pilots at high altitudes, From them we learned 
what procedures were possible for them to uso and to recognize quickly what methods, 
although able to bo carried out in the laboratory, were uttorly impossible to do in 
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the type of airplane they were flying, The design engineers soon began to learn that 
they must provide space for oxygen cylinders and other safety equipment, An inter-= 
asting observation was made by us, namely, the design engineers of bombers or multiple 
seat airplanes learned more quickly the necessity for safety of the pilot because in 
those planes the engineers themselves had to share the dangers of the test flights, 
Today one oan hardly think back and realize the efforts needed to overcome the preju- 
dices of World War I pilots, especially if they had beceme high executives, who 
belicved that military airplanes need not bo provided with safety devices, and that 
“somfort"” would "soften" a fighter, 


In view of the gencral interst in inoreasing tho safety of civil aviation 
and the growing concern of the Army and Navy Air Forces over the military significance 
of high altitude flying, close cooperation on an informal basis was cstablished with 
Colonel (later General) D, N, W, Grant, the Air Surgeon, with Captain (later Colonol) 
H; G, domstrong, Chicf of the Jero Medical Laboratory at Wright Fiold, with Captain 
“(later Commodore) J, C. Adams, Bureau of Medicine and Surgory, Division of Aviation 
Medicine, U.S,N., and with tho Assistant Seorctary R. H., Hinckley of the Department 
of Commerce in charge of civil aviation, American aviators were fuartunate indoed to 
have such able and faresecing men in charge of providing and continually improving 
on &@ large soale safety apparatus not only for civilian but also for military aviators, 


In 1939 and 1940 Colonel Grant assigned to the Mayo Lero Medical Unit for 
instruction and to conduct investigations Captains 0, 0. Bonson,y Jrey Je A. Resch, 
J, R, Halbouty and J, W, Brown, and from the Mayo Foundation were assignod for full 
time work Doctors He F, Holmholz, Jr., J. K. Keeley, J. Pratt, R. Fe. Rushmer, G, F, 
Schmidt, H, 4. Smodal, A, UVihlein and J. W. Wilsons in addition many others volun» 
tarily worked part time in the laboratory of whom we mention only Dr, W. W. Hoyerdale,. 
Professor Akerman arranged for Mr. N. E, Erickson and Mr, R. Bratt, advanced students 
in the Department of Jcronautical Engineering at the University of Minnesota, to 
cach spend a year in the laboratory, Many of these investigators, when war against 
the United States broke out, went into military or civilian service where their early 
training in aviation modicine led to important assignments, Captain (later Colonel) 
Benson became Chief of the Aero Medical Laboratory at Wright Field and later Air 
Surgeon for the Mediterranean Theater, Dre Lovelace entered the Army and as Major 
was assigned to the Office of the Air Surgeon and later as Colonel became Chief of 
the oro Medical Laboratory at Wright Field, Dr. Smedal became Flight Surgeon on an 
aircraft carrior and later, as Commander, was in charge of the High Altitude Laboratory 
at Pensacola, Dr. Keeley carly entered the Army, was sent to the Philippines and 
became a prisoner of wars upon relcase he returned to the Mayo Clinio fortunately 
in good health. Dr. Heyordale entered service and was sent to the South West Pacific 
Theater = he was killed on active duty in New Caledonia, Dr, Rushmer, shortly 
after oentcring service, was assigned to the Research Laboratory of the School of 
Aviation Medicine, Randolph Field, Dr. Helmholz, Jr., inaugurated and beoame Chief 
of the High Altitude Laboratory, Flight Research Department of Consolidated Vultee 
Airoraft Corporation at San Dicgog he also continued as Researoh Associate at the 
Mayo Acro Medical Unit and by alternating monthly botwoen the two positions oreated 
a mutually beneficial and effeotive liaison, 


During this carly period many papers were presented at medical meetings 
and were published in medical journals on anotia and oxygen administration, A 
mimeographed list of the papers by the staff, inoluding titles and refcrenccs are, 
for the convenienco of readers, attached as an Appendix to this report, Copies can 
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be ebtained on request, and those papers primarily concerned with aviation can be 
found under the name of the author in “A Bibliography of Aviation Medicine” compiled 
by BE, C, Hoff and J, F. Fulton for the Committee on Aviation Medicine, National 
Research Council, 


These early pre=war studics on high altitude physiology attracted much 
attention as evidenced by visits from Major (later Lt. General) Doolittle, Major 
Loster Gardner, Miss Jacqueline Coohran and by the award at the White House of the 
Collicr Trophy for 1939 by Prosident Roosotelt to Drs, Walter M, Boothby and W, 
Randolph Lovelace, II, of the Mayo Foundation and to Capt, Harry G, Armstrong; MiCa, 
UsS.4,, currently Chicf of the Acro Medical Laboratory at Wright Field, 


The studies and papers mentioned rendered possible and formed the basis 
for the high altitude studies in physiology and oxygen cquipment continued at the 
Mayo Acro Medical Unit under the auspices of the Committee on Aviation Medicino, 
Division of Medical Sciences, National Rescarch Council, acting for the Committec 
on Medioal Research, Offica of Scientific Research and Development, Washington, D, Cy» 


Studies on acceleration were initiated carly in 1941 by the design and 
construction at the Institute of Expcrimental Medicine of a pilot model centrifuge 
by Dr. E. Je Baldes assistod by Ur. Adrien Porter, Various physiological studies, 
mostly on animals, were carried out by Dr. C. F. Code, Dr, G. A, Hallenbeck and | 
Capte J. A. Resch, M.C., U.S.A.3 also on this centrifuge the first moving pictures 
of blackout and unconsciousness of a human being were obtained in the fall of 1941 
on Capt, Resch, who voluntcered as a subject: it was a striking picture of rapid 
development of old age, apparent death and complete rapid restoration, 


The data obtained on this pilot model demonstrated the importance of 
carrying out extensive studies on acceleration, and the Mayo Properties Association 
authorized Dr, Baldes to design and construct a large human centrifuge, In the 
design and construction, Dr. Baldes received helpful suggestions from the engineers 
of the Sperry Gyroscope Company, and also of the Timken Roller Bearing Company, 

The superstructure of this centrifuge has an 18=foot radius, I+t is completely 
equipped with electronic and other types of recording instruments and is installed 
in @ specially designed circular room of reinforced concrete with an elevated 


“control tower." 


After the human centrifuge and its equipment became available, Dr. Code 
and Dr, Baldos, aided by Drs, Gs A, Hallenbeck, E, H. Lambert, E, H. Wood, Mr, 
R. E, Sturm (electronic engineer) and Mr, L, Coffey (photographer), planned and 
devised a great variety of methods to study the effeots of centrifugal force upon 
various moasurable physiologic mechanisms, Dr. Code also emphasized the necessity 
and importance of objective methods for the bioeassay analysis of protective oquipment. 
Many Army and Navy Air Force and medical officers and test pilots cooperated in 
various specific problems of special military intcrest, 


The centrifuge, its electronic and othor recording apparatus, @ Large low 
Pressure chamber equipped with all types of oxygen apparatus, and a small low pressure 
chamber with refrigeration facilities to ~70° F.,, ané@ necessary rospiratory, blood 
gas and accessory apparatus were installed in a new specially designed laboratory 
building in the spring of 1942, The equipment and the staff to man it were con-= 
tributed and maintained by the Mayo Properties issociation on behalf of the Mayo 
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Clinic and Mayo Foundation for Medical Education and Research as part of their war 
effort. In 1944 they also authorized the construction of a vertical centrifuga to 
aid in solving certain special problems of immediate importance on a new type 
pursuit eiroraft ~ the P82, 


The Mayo Acro Medical Unit at the time of Pearl Harbor was thus ready both 
with apparatus and trained personnel immediately to play its part in the intensive 
research work in aviation medicine then being inaugurated in the various civilian 
laboratories under the auspices of the Office of Scientific Research and Development 
and simultaneously to continue the cooperative research already under way with the 
Army and Navy Air Forces. 


On January 21, 1942 the Mayo Acro Medical Unit was visited by the Committce 
on Aviation Medicine of the National Rescarch Council together with several liaison 
officers, The following were presents Prof, He. C, Bazott, Banting Institute, 
University of Toronto, Toronto, Canadas E, M, Landis, Professor of Medicine, Univer= 
sity of Virginias L, E, Griffis, Lt. Col., Air Surgeon's Office, Washington, D, Cez 
Eric Liljencrantz, Comdr., Us,S,N.eRe, Bureau of Medicine and Surgery, Navy Dopartment, 
Washington, D, C.j E, C. Andrus, Technical Jide, Dopartment of Medicine, Johns Hopkins 
University; Ts. C. MacDonald, Wing Commander, R,A,F., Air Ministry, Londons C, F, 
Schmidt, Prof. of Pharmacology, University of Pennsylvania; D. W. Bronk, Direotor, 
Johnson Foundation, University of Pennsylvania; W. R. Miles, Prof, of Psychology, 

Yele University School of Medicine, E, F,. DuBois, Prof. of Medicine, Cornell Medical 
Schools J, F. Fulton, Prof, of Physiology, Yale University School of Medicine, 


Shortly after this visit the activities of the Mayo Aero Medical Unit 
were formalized and the financial support by the Mayo Properties Association continued 
under their Committee on War Medicine consisting of Dr. D, C, Balfour, Dr, R. Da 
Mussey, Dr. A, R. Barnes and Mr. H. J. Harwick represonting the Mayo Clinic and Mayo 
Foundation for Medical Education and Research, This Committee completed formal 
contracts with the officials of the Army Air Forces Materiel Command (Acro Medioal 
Laboratory) at Wright Picla/w th the Office of Emergency Management through the 
Committee on Medical Research, National Research Council as followss 


Ie Contract Noe W535=ace-25829 (issued 6 February 1942, signod 11 Maroh 
1942), Contract Noe AG~25829 (1943) and Contract No. W( 33-038) ac--9166 
(1945) with the Army Air Forces Materiel Command, 


II, Contract Noe OfMomr-129 with the Committee on Medical Research of the 
Office of Scientific Research and Development, 20 March 1942, 


During the investigations, however, there was no attempt made to separate 
the studies made under these two contracts or that continued informally with the 
Navy or with various aircraft manufacturers. Nor could the early work under these 
contracts be separated from the basic studies bricfly described above as carried 
out between 1939 and 1942, some of which had already been published, The studics 
after 1942 which were directly requested by the .irmod Forces have been placed in the 
attached bibliography of our classified materials as AAF<CMR reports, Other studies 
wore sent in for publication as CAM reports and are listed by the CAM number assigned 
by that office, Because the three Responsible Investigators were each a member of 
@ separate Subcommittee some formal and informal reports were made directly to the 
Subcommittee on Oxygen and anoxia, to the Subcommittee on Acceleration, or to the 
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Subcommittee on Decompression Sickness; the formal reports ore appropriately indicated 
in the bibliography, Finally, as frequently the monthly or bimonthly progress roports 
contain preliminary data of considerable value we have also indexed the subjects as 
CMR-OSRD Progress Reports, Charts illustrating the more important physiologic data 
contained in these reports have been grouped together to form a fairly comprehensive 
report of research carried out in the High Altitude Laboratory of the Mayo Aero 
Medical Unite 


Oxygen Masks = The first B.L.B, oxygen mask was made by Dr. A. H. Bulbulian 
in February, 1939 and may be regarded as a forerunner of all subsequent oxygen masks 
developed at the Mayo Aero Medical Unit, The trial modcls were made by him in the 
fully equipped laboratory of the Mayo Foundation Museum of Hygiene and Medicine by 
the liquid latex or “anode™ deposition technic, the method long used by Dr. Bulbulian 
in making artificial ears, noses, et cetera for patients who had lost them fron 
accident or disease and in making reproductions of interesting and instructive 
anatomical models, The “anode” method is also used in large soale produotion of 
many commero.al articles of intricate design, The great advantage of this method 
lies in the fact that for a comparatively small cost many experimental forms can be 
made in the laboratory from plaster of paris, low fusing metal, or aluminum, Many 
new and sometimes radical designs oan be constructed, tried out, and cither entirely 
abandoned or repeatcily modified until found suitable and the fit accurate and 
comfortakic, After laboratory and field tests, the final step is then delegated to 
the manufacturers for the construction of steel molds for large scale production, 


The AwS, dBA, and Ae8=—B (Army Air Forces designation) continuous flow 
oxygen oro-—nasal masks, although an adaptation of the B,L.B, clinical masks, were 
progressively improved for military aviation in collaboration with Capt, (later 
Colonel) Rudolf Fink, who was at that time in charge of oxygen equipment at Wright 
Field. These censtant flow masks were used by the Air Forccs until safe air-oxygen 
demand valves and masks were developed, 


There wero a number of intermediate masks developed here which intervened 
between the A~8-B and the A=14, Type 12 was a continuous flow oxygen mask with 
chin bag, Type 16 was a clinical mask ond the so-called Universal Mask was « type 
which could be casily converted from the continuous flow to the demand type. The 
type 17 and 19 had some of the features of the A-8=B and 4-14, While none of these 
masks were used widely, the face fitting features doveloped in these masks were 
Later in part incorporated in the A-14 demand type mask, The progressive altcrations 
found necessary to prevont freezing and to meet the strict! military requirements 
Were made by personal consultation with the members of the Oxygen Equipment Seotion 
of the Acro Medical Laboratory, Army Air Foroes, Wright Ficld, 


The 4-14 mask during its developmental stages went through a serias of 
modifications too numerous to mention, From 1941 to 1943 noarly « hundred experi~ 
mental soft metal forme were made in the laboratory, and from these forms more than 
a thousand oxncrimontal. masks were produced before the final stocl production forns 
were made, Cvor one million of these masks were produced for the Army and Navy, 


One of tho iast in the series of masks developad at tho Mayo Aero Medical 
Unit, in collaboration with Wright Ficld, is the A-15 pressure domand oxygen mask, 
which had finally bocn perfected and was in tho process of going into large gsoalo. 
production in the iast months of the war, Some of the basic principles utilized in 
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the design of the A-15 were described in the Memorandum Report, dated 23 October 
1942, to Col. W. R. Lovelace and Col. A. Pe Gagge, Aero Medioal Labcratory, Wright 
Field, submitted by Dr. A. H, Bulbulian, Our early laboratory designation for this 
mask was Type 21 and the Army Air Forces experimental designation was XA-15, A 
Memorandum Report by Dr. A. H. Bulbulian dated 9 November 1943 on the detail of 
design and method of molding of the mask is on file. 


4A Memorandum Report submitted by Dr. Bulbulian on 23 March 1945 presents 
the contemplated changes in the continuous flow A-8-B mask to make it more useful 
for certain special purposes desired by Wright Field. 


In the development of the whole series of oxygen masks at the Mayo Aero 
Medical Unit great credit is due to Mr. Allan Russell of the Ohio Chemical and 
Manufacturing Company and to Dr. J. A. Heidbrink and Mr. R. H. McElrath of the 
Heidbrink Division. Likewise, the officers and production engineers of the American 
Anode Company deserve much credit for their continued effort in maintaining a high 
rate of production in spite of frequent changes and improvements in the forms. 


Much of the success of the work carried out in the Mayo Acceleration 
Laboratory under the direction of Dr. Baldes and Dr. Code has been due to the 
early establishment of adequate procedures and recording techniques for studying 
man's reactions to positive aoceleration, The importance of the duration of 
exposure as a factor affecting man's response to acceleration was one of the first 
problems studied. As a result of these studies a standard acceleration-time 
exposure pattern was established. In this so-called standard run the acceleration 
is increased at a rate of approximately 2 g per seoond and the maximal g level is 
maintained for 15 seconds. This type of exposure pattern allows the full develop- 
ment of symptoms in man and has given the most complete picture of the effects 
of positive acceleration as the aviator may experience them, 


Using the standard run it was shown that the increased weight of the 
blood, which occurs as a consequence of the exposure to centrifugal force, initiates 
a definite sequence of physiologic changes in man. These fall sharply into two 
distinct periods -— a period of progressive failure followed by a period of 
compensation, During the period of progressive failure the blood pressure at the 
level of the head falls, the heart rate increases, the blood content of the ear 
decreases, the amplitude of the ear pulse is reduced or lost and finally changes 
in vision or consciousness, if they are to occur, become evident. The period of 
progressive failure is terminated as a rule by & compensatory reaction which 
becomes effective about seven seconds after the onset of the force. During the 
period of compensation the blood pressure rises, the ear pulse improves, the 
amount of blood in the ear increases and the heart rate slows, If compensation 
is sufficient, recovery from symptoms will occur. This sequence of events has 
been »%bserved to ocour in each of more than 300 subjects who have been studied in 
this laboratory. 
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The maintenance of eertain standard conditions under which the tests 
were performed was also stressed. Early in 1944 an air-conditioning system was 
provided which made it possible to maintain a constant temperature in the centrifuge 
room. The effects of warm and cool environmental temperatures on g tolerance were 
studied, but for routine tests a temperature of approximately 72° ¥ (60 per cent 
relative humidity) was maintained, Subjects on the centrifuge were asked to main-~ 
tain a comfortable sitting posture and not to "fight the g." They were requested 
to put their heads back on a head rest rather than to support them during exposure 
to seceleration. Every effort was made to determine the subject's "basal” g tolerance 


When tests are performed in the manner described, trained subjects on the 
Mayo centrifuge on the average experience dimming of vision at approximately 3 g, 
loss of peripheral vision at 3,5 g, complete loss of vision at 4,0 g and unconsoious=— 
ness at accelerations of 4,5 g or more, The standard deviation of the average g 
tolerance of individuals (inter-individual difference) is 0,6 g, while the standard 
deviation of the g tolerance of one individual (intra-individual difference) is 
0.4 to 0.5 g. 


Study of the details and inter-relations of the symptoms and physiologio 
changes which ocour during exposure to positive acceleration was facilitated by a 
recording system which allowed the continuous and simultaneous registration of more 
than 12 variables (time, acceleration, arterial pressure measured by arterial 
punoture or by an indirect method, venous pressure, ear pulse, ear opacity, 
eleotrooardiogram, heart rate, respiration, intra-reotal pressure, the subject's 
reaction time to light signals in his peripheral and central fields of vision, 
motion pictures or still photographs of the subjeot, anti~blackout suit pressures 
and others). Using these techniques observations were made on over 300 subjects 
(laboratory personnel and civilian and Army volunteers) in over 10,000 exposures 
to aoceleration under standard conditions and with various protective devices and 
procedures. 


The recognition of the sequence of physiologic changes which »%ccur in 
man during exposure to positive acceleration and the regularity of their occurrenoe 
allowed an orderly and quantitative approach to the problem of protecting the 
aviator, Upon the basis of these changes a bio-assay procedure was developed 
which allowed accurate determination of man's g tolerance and the protective value 
of any device or procedure designed to offset the deleterious effeots of positive 
acceleration, The assay procedure was based upon the recognition and determination 
of the g level at which various subjective symptoms ocour (dimming of vision, 
loss of peripheral vision and complete loss of vision) and upon the measurement 
of oertain objective changes in the subjeot (loss of blood from the ear, reduction 
or loss of the blood pulsations in the ear, degree of pulse rate increase and 
magnitude of blood pressure changes) during exposure to various amounts of accele- 
ration with and without the protective device or procedure (Figure 1), 


The study of methods whereby the ability of aviators to withstand positive 
acceleration could be inoreased was divided into three categories: (1) limitation 
of duration of force, (2) changing the position of the pilot to reduce the hydro- 
static distances between the heart and head, and (3) increasing arterial pressure. 


Limitation of the duration of the force and other ohanges in the acoeler= 
ation-time curve which might allow the aviator to experience high acoelerations 
without symptoms were studied but were not considered a practical solution to the 
problem of blackout because of the limitation they imposed on the gombat maneuvers 
which the pilot could perform, Studies were carried out on the protective value of 
the crouch and prone positions and of tilting seats. These procedures, while 
effective, restricted the activity of the pilot in his cockpit and were likewise 
not accepted as a practical solution for the immediate emergenoy. 


It Neoame evident that the most practical anti~blackout prooedure for 
pilots in World War II would be one which would require no attention on the part 
of the pilot and would allow him full freedom of activity in the normal sitting 
position, A very effective straining maneuver (M-1) was developed which increased 
arterial pressure and enabled pilots to maintain accelerations up to 8 or 9 g 
in the sitting position. While this was effective, the procedure was considered 
only 4 stop-gap or emergency procedure and not a satisfactory solution to the 
blackout problem because it increased the pilot's fatigue and required his con= 
centrated attention, 


In 1942 efforts were directed to the development of anti-blackout suits, 
Also comparative tests were made on suits which were being developed elsewhere 
at that time, particularly the Navy Gradient Pressure Suit and the Canadian 
Frank's Flying Suit. Mr. F. Moller, Mr. I. Re Versoy and Mrs Se. Ms. Berger of the 
Berger Brothers Company cooperated in some of the tests on the Gradient Pressure 
Suit (Navy GPS or Army G-l). The GPS and FFS were designed to prevent pooling 
of venous blood below the heart during exposure to positive acceleration, How- 
ever, our records of the cardiovascular changes which occurred during exposure to 
positive aoceleration on the centrifuge did not confirm the concept that pooling 
of venous blood was the dominant or chief factor limiting man's g tolerance. 
After several seconds' exposure to acceleration, arterial pressure rose and 
recovery from symptoms occurred even though acceleration was continued. We realiesd 
that this compensation could not have occurred if pooling of blood were the 
critical factor. 


Attention was then directed to the development of anti~blackout suits 
designed primarily to increase arterial pressure. Dr. E. H, Wood was most closely 
associated with the development of anti-blackout suits carried out in the Mayo 
Acceleration Laboratory, although the other members of the laboratory participated 
from time to time. In the construction of the anti-blackout suits collaboration 
with Mr. David Clark of the David Clark Company, Worcester, Massachusetts had 
been underway since April, 1942, Mr. Clark had been working on the construction 
of anti-blaclout suits independently up to that time. By the spring of 1943 two 
suits had been constructed which by applying arterial occlusive pressures to the 
extremities and pressure to the abdomen inoreased the blood pressure at heart level 
and directed sardias output towards the head during the critical periods of 
exposure to certrifugal force, The Progressive Arterial Occlusion Suit (PAO, 

Mayo Models i and 2) was tested on the centrifuge in November, 1942, and the 
Simple Arterial Occlusion Suit (AOS, Mayo Models 3 to 9) was first tested en the 
centrifuge in February, 1943, These suits were found capable of increasing the g 
tolerance of centrifuge subjects by as much as 3 g. They are still the most 
effective anti-blackout suits which have been developed. The AOS was extensively 


tested by the Army Air Foroes (Dr. Wood assisted in many of these tests), but 
were not accepted for use beosuse the pilots objected to the discomfort oaused 
by the high pressure to which the suits were inflated in order to obtain « 3 g 
protection. 


Late in 1943 it became evident from observations mada by the Navy and 
Army on the use of anti-blackout suits in field trials and in combat that pilots 
needed only a moderate increase in their g tolerance to avoid blackout in the 
aircraft in use in World War II and that pilot acceptance particularly from the 
standpoint of comfort was a most important requirement for an anti-blackout suit, 
Basic information which had been obtained up to this time from studies on the 
centrifuge using the GPS, FFS and AOS made it possible to outline the factors 
which are important in the protection afforded by anti=blackout suits, As a 
result in January, 1944 a simple bladder system was constructed by Mr. Clark and 
Dre Wood that could be put into amy type garment which would allow transmission of 
pressure by the bladder system to the important parts of the body. Numerous 
modifications of the outer garment (M-10 to M=22, the nylon bladder suits) were 
tested on the centrifuge, All of these contained the simple basic bladder system 
and all were effective anti-blaokout suits. The principle of the simple bladder 
system was accepted by both the Army and the Navy and was employed in garments 
designed to fulfill the partioular requirements of their pilots in different war 
theaters, The Navy in collaberation with the David Clark Company developed oa 
coverall garment (Navy Z-1 and Z=-2 suits, Army G-4) while the Army in collaboration 
with the Berger Brothers Company, New Haven, Connecticut and the David Clark 
Company developed the cutaway or skeleton suit (Army G-3, Navy Z-3). These suits 
inorease the g tolerance of centrifuge subjects by 1 to 1.5 g. The protection 
against blackout which they afford has been shown by experiments oarried out in 
the Mayo Acceleration Laboratory to be due to the increase in blood pressure which 
they produce, 


The development of inflating valves for the anti-blackout suits was 
carried out simultaneously with the development of the suits themselves, Early 
models were developed in collaboration with the Heald Valve Company, Worcester, 
Masssohusetts (particularly for the AOS) and the Cornelius Company, Minneapolis, 
Minnesota, In the spring of 1944 Mr, Richard Cornelius designed, built and submitted 
for test the antecedent of the present C-C-l valve. With little modification this 
valve was accepted as their standard valve by the Navy and as an alternate 
standard by the Army. A large amount of work was done in the Mayo Acceleration 
Laboratory to establish the performance characteristics of inflation systems under 
all flight conditions and te set dewn the requirements for adequate anti~blackout 
suit inflation. 


In June, 1944 the Mayo Acceleration Laboratery extended its studies of 
blackout to include controlled observations made in aircraft, under the direction 
of Dr. E, H. Lambert, in order to determine in detail the applicability of human 
centrifuge observations to the pilot in flight. an RA=24 A (SBD-4) Douglas dive 
bomber was assigned to the Mayo Aero Medical Unit by the Army Air Forces at the 
request of the Aero Medical Laboratory at Wright Pield. Reoording equipment in 
part supplied by the National Research Counoil (OSRD) was installed for making 
physiologic studies of pilots and passengers in flight (Figure 2). The plane was 
stationed at the Rochester Airport (Minnesotsa). Lt, Kenneth R. Bailey, engineering 
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officer of the Air Transport Command Station at the Rochester Airport, volunteered 
to assist in these tests, and his participation as pilot of the plane and as 
supervisor of its maintenance was made possible by Brigadier General Bob E, Nowland, 
Commanding General of the Yerrying Division. In the fall of 1945 a second plane 
(SBD~6) was assigned to the laboratory by the U.S. Navy through the Aero Medical 
Laboratory at Wright Field to replace the then obsolete A-24, This plane was also 
equipped for recording physiologic events during acceleration and at the end of 

the war was returned to Wright Field for continuation of these studies by the 

Army Aero Medical Laboratory. 


The studies carried out in the airplane fully substantiated the funda- 
mental results which were obtained on the human centrifuge, Pilots performing 
maneuvers which produced an acoeleration-time curve similar to that used on the 
oentrifuge experienced visual symptoms and showed the changes in the ear pulse, 
blood content of the ear and pulse rate which were the same as those observed in 
subjects on the human centrifuge, The principal difference between men piloting 
the airplane and subjects on the centrifuge was in their g tolerance, Pilots 
on the average experienoed dimming of vision, loss of peripheral vision and 
blackout at 4,7, 5.1 and 5,5 g, respeotively, and lost the ear pulse at 5.3 g, 
This was on the average 0,7 ¢ higher than the g tolerance of airplane passengers 
and 1.4 g higher than the g tolerance of subjects on the Mayo centrifuge. Among 
the factors coutrituting to the higher g toleranoe of the pilots were; (1) the 
"excitement of flying", (2) the crouching position when piloting, (3) the effort 
of pulling the control stick to execute the high g maneuver, and (4) the colder 
temperatures in the airplane. 


Despite the higher control g tolerance of pilots without protedcticn, the 
increase in g tolerance which they were afforded by anti-blackout suits was the 
same as that afforded subjeots on the oentrifuge, This observation corrected an 
impression based on poorly controlled field trials that the standard anti-blackout 
suits provided 2 or 3 g or even unlimited protection against blackout, when in 
fact they afforded only 1 to 1.5 g protection, The suits were nonetheless satis—- 
factory in the fighter planes of World War II, At the higher accelerations whioh 
were reaohed with the suits on, the majority of pilots did not or could not sustain 
the peak accelerations of combat maneuvers long enough to produce definite visual 
symptoms. Straining on the part of the pilot probably further increased the 
apparent effectiveness of the suits. 


These controlled observations made in the airplane effectively rounded 
out the program of the Mayo Acceleration Laboratory by demonstrating that the 
fundamental information obtained from centrifuge experimentation oould be applied 
with confidenoe to the conditions of actual flight. 


From time to time aspects of the problem of acceleration other than 
those dealing with the effeots of positive acceleration were studied in the Mayo 
Acceleration Laboratory. The ability of man to move and to don & parachute when 
exposed to avcelerations of up to 2 to 3 g was studied on the centrifuge. These 
studies illustrated the difficulty experienced by aviators attempting to esoape 
from spinning siroraft., Experiments were performed on a vertioal centrifuge to 
study man's reactions to unusual accelerations which, it was anticipated, might 
be encountered in certain types of aircraft then in the stages of development, 


A more complete description of the procedures and recording techniques 
used and of the physiologic studies and anti-blackout suit development which were 
carried out in the Mayo Acceleration Laboratory is being prepared for the monograph 
on acceleration to be published by the Subcommittee on Acceleration, A review 
which covers many of the principle contributions during the war of #11 the 
acceleration laboratories of the United States, Great Britain, Canada ong Australia 
was prepared by the Mayo Acceleration Laboratory for a symposium on "Some{Contri- 
butions to the Solution of War Problems” which was presented before the American 


Physiological Society in 1946. 


Several extramural projeots of considerable magnitude were carried out 
by the staff of the Mayo Aero Medical Unit with the approval of the Mayo Properties 
Assooiation in conjunction with the Army Air Forces and the Subcommittee on 
Acceleration of the National Research Council, 


Dr. E. J. Baldes was appointed in 1941 as Special Consultant to the Air 
Technical Service Command at Wright Field and spent considerable time throughout 
the war on special missions connected with acceleration and deceleration, the 
chief of which are listed below, For this work he was awarded on Augus® 31, 1945 
at Wright Field by Brigadier General L. Cs. Craigie on behalf of the Seoretary of 
War the following citation: 


War Department 
Commendation for Exceptional Civilian Service 
To Whom It May Concern: 


Edward J. Baldes 
has received official commendation and praise for 
exceptional performance of duty 


Citation: 


In recognition of his outstanding service to the Army 
Air Forces and the nation's war effort in the design 

of special centrifugal devices. His exceptional ability 
and untiring efforts have contributed immeasurably to 
the flying safety of American aviators and have provided 
the Army Air Forces with the finest scientific knowledge 
available. 


Henry L. Stimson 
Secretary of War 


Shortly efter Major Lovelace made, on June 24, 1943, his epoch making 
parachute jump from 40,200 feet for which he was awarded the Distinguished 
Flying Cross, studies on deceleration forces involved in parachute jumps at high 
altitudes were initiated by him at the Air Technical Service Command of the Army 
Air Foroes at Wright Field. Dr. Baldes was requested to undertake this inves- 
tigation. As no reoording instruments were available the first problem was to 
design, in conjunction with Professor J. J. Ryan and Dr. B. Lindquist of the 
University of Minnesota, an appropriate recording tensiometer. As soon as recording 
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instruments were available extensive data were quiokly obtained by parachute - | 
experiments at Muroc, California in cooperation with Captain Hallenbeck and sther | 
officers from Wright Field, These studies later were correlated with the Sub- 

committee on Deceleration of the National Researoh Council and finally resulted 

in an entire revision of the heretofore accepted assumptions in regard to the 

magnitude of the forces involved. 


In the fall of 1944 Dr. E. J. Baldes as Special Consultant of the Air 
Technical Service Command was sent on a special mission to the Southwest Pacifio 
Theater to assist in the indoctrination of Air Force Squadrons in the use of 
anti-g suits in part developed at the Mayo Aero Medical Unit and also to obtain 
suggestions from the fighter pilots as to their possible improvement. The trip 
was extended on behalf of the National Research Council to Australia to consult 
with the scientists and officers of the acceleration group of the Royal Australian 
Air Force, 


Dr. Baldes also worked on problems connected with deceleration as a 
member of a special Subcommittee of the Committee on Medioal Research in conjunction 
with the Aero Medical Laboratory at Wright Field. The sslution of the problems of 
deceleration has a wide application not only in aviation but also in transportation 
in general, Therefore, it is hoped that these studies will be continued, 


At the request of the Army Air Foroes and the National Research Council 
Dr. Ee J. Baldes was sent on a special mission to the European Theater shortly 
after the Germans surrendered to assist in obtaining the reports of the inves- 
tigations of the various German civilian and military research laboratories on the 
problems of acceleration and to obtain full details of the German e jeotion seat. 
A large number of German reports were brought back by him and by Colonel Lovelace, 
and many of these were translated at the Mayo Aero Medioal Unit under the super- 
vision of Dr. Bateman. 


In the spring of 1946 Dr. Baldes was requested by the Army Air Foroes 
to proceed again to the European Theater to obtain still more Asta from the 
German research laboratories and the German scientists, On this trip he was 
accompanied by Dr. E, H. Wood of the Mayo Aero Medical Unit who was also made a 
"Speoial Consultant.” 


Figure lt 


Figure <1 
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An example of records obtained in routine studies on the human oentri- 
fuge, The records shown are taken from an assay of the protective value 
of the G-2 suit inflated with a pressure approximately 1.0 p.s.ei. per & 
To determine the protective value of any suit or device against the 
effects of acceleration, tests are conducted in the manner of a bio- 
assay using man as the test object. Exposures to acceleration with 
inflation of the anti-blaockout suit are preceded and followed by runs 
without the suit. A subjeotive estimation of the effeotiveness of 

the suit is obtained using visual symptoms as an end point, while the 
decrease in amplitude of the ear pulse, the decrease in blood content 

of the ear (£.0.) and the inorease in pulse rate are used for objective 
measurement of protection. In the run shown the subjeotive symptoms 
were as follows: 


Control runs: 


Run 2AAD- 1: 2.5 g for 15 secends, 
Vision clear, 


Run 2AAD-16: 4 g for 15 seoonds. 
Peripheral lights lost from 5.5 to 11.5 seconds. 
Center light lost from 8 to 12 seconds (blackout). 


Protected runs, single pressure suit; 


Run 2AAD— 8; 4 g for 15 seconds. 
Vision clear. 


Run 2AAD— 7: 6 g for 15 seoonds, 
Peripheral lights lost from 6 to 17 seconds, 
Center light lost frem 8,5 to 17.5 seconds (blacko:t 


In the entire series of 16 runs in this assay on Subject 2, protection 
against visual symptoms was about 1.3 g, against a decrease in blood 
content of the ear 1,7 g, and against a decrease in amplitude of the 
ear pulse 2.4 g. 


An example of the records obtained from studies carried eut in the 
A-24 airplane. This composite shows the effect of 5,0 g positive 
acceleration on a passenger in the airplane, The phetographs are 
enlargements from a 16 mm, motion picture film. The middle tracing 
was obtained from the oscillographio unit reoording the ear opacity, 
ear pulse, etc. The Lower record shows the g-time pattern recorded 
by the R.S. recording accelerometer, The black lines synchronize the 
motion pictures with the other records, The subject stated that he 
blacked out in this run, He was apparently disoriented for several 
seconds after the run, Note the failure to respond to the light 
Signals, Note that the ear pulse is almost lost. 
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FIRST TESTING OF BLB MASK IN LOW PRESSURE CHAMBER USING RATES OF 
OXYGEN FLOW CALCULATED TO MAINTAIN NORMSL ALVEOLAR pO, 


. : (Preliminary Denji+regenation) 


April 11, 1938 Wright Field Aero Medical Laboratory Low Pressure Bae 
Captain Harry Armstrong, Chiefs Dr. Heim, Soientific Associate 
Object of the pressure chamber flight is to test the efficiency of the 

BLB nasal mask with 500 cc, reservoir bag with metal connector containing 4 
holes which could be closed or opened by a revolving sleeve, The floows of 
oxygen which were used at the various altitudes- were considered by Boo hby 
and Lovelace to be theoretically sufficient to maintain a normal alveolar air, 
Such low rates of flow had never before been tried except once in a nitrogen 
chamber. : 


Dr. Heim in the absence of Capt. Armstrong was in charge of the low 

pressure chamber and extended to Dr. Boothby and Dr. Lovelace every courtesy 
and assistance, Dr, Lovelace was the subject of the experiment, Dr. Boothby 
was outside the chamber to regulate the oxygen flow so that the desired amount 
would be obtained, For this purpose the oxygen was passed through a 10 liter 
gas meter at room temperature and ground barometric pressure to give the desired 
rate of flow after correction to STPD, The oxygen flowed into the chamber: 
through a special valve inserted for the purpose of preventing -suaction on the 
gas meters, 


4 few days previous to this experiment Dr, Heim had collapsed and beonme 

paralyzed for a short time on a flight in the low pressure chamber at about 

30,000 fect, After discussion of the various factors that might cause collapse 
it was concluded that aero-embolism was a possible if not probable explanation, 
To avoid such a complication as aeroecmbolism from obscuring the results of the 
Main objcet of the experiment Dr. Lovelace breathed pure oxygen for approximately 
one half hour during the preliminary preparations for the flight to reduce the 
body nitrogen especially as during the flight he was to breathe an air~oxygen 
mixture of a composition calculated to maintain omly a normal tracheal POss 


Accompanying Dr, Lovelace in the flight was Private Whitney who received 
throughout approximately 10 liters of oxygen per minute (STPD) and wore the 
ordinary laboratory mask which he had worn on previous chamber flights, He 
used the same equipment as he did on the flight when Dr, Heim had collapsed; 
and as he had had no difficulty during that or other flights he did not dew 
nitrogenize for this flight. Furthermore, the ascent was to be relatively 
slow and he was to be supplied with a large excess of oxygen so that he would 
be breathing approximatcly pure oxygen from the ground up, 


Throughout the experiment Dr. Lovelace appeared perfectly normal and 
showed no cyanosis or other evidence of anoxia although he was fairly active 
inside the chamber especially when attempting to obtain alveolar air samples 
unaided, Both the COg and Oo pressures were slightly below normal, The alveolar 
air sample obtained at 20,000 feet indicated the subject had an alveolar oxygen 
pressure which we now know to be equivalent to about 7,500 feet without oxygen, 
The alveolar air obtained at 27,000 feet was slightly highor and equivalent to 
about 6,000 fect without oxygen, The COo pressure indicated a slight degree of 
hyperventilation not sufficient to cause any symptoms of acapnia but comparable 

‘to what might be expected on a “first time." At no time was there the slightest 
evidence indicating bends in either subject, 


(The above report has been somewhat amplified from the original notes.) 


(over) 


Aprah 11, 1938, Experiment in low pressure chamber at Wright Field, Dayton, 0, 


Oxygen flow Alveolar Air Pressure 


Time Elevation _.__mitors/nin, STPD 
Minutes Feet Amount | Amount actually 
| gesizes | "*seasvones "| 00, (nny se) | p05 (es ne) 
Ground 1,0 0,9 
10 ,000 1.0 0.9 
20 000 1.0 0.9 
20 4000 1,0 0.9 (2) 312 (2) 32 | (4%) 70 (2} 72 
20 ,000 1.5 1.4 
, 21,000 1,5 1.4 i (1) 31 (2) 29 }(2) 76 (2) 74 
22,000 1.5 1,5 
27,000 1.5 1.5 (1) 31 (2) 29 |(1) 76 (2) 74 
28 000 1,5 1,5 
30,000 1.5 1.4 | 
33,000 1,5 | 1.5 | 


Started down because Dr, Heim did not wish to have the subject go 
higher on account of the recent accident possibly to acroembolism 
Ground . 


Temperature of meter average 77° F, Barometer 747,3 


Dr. Levelace denitrogenated for approximately 1/2 hour previous to ascent. 


& 
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Airplane orsseecs 
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Mask wv" oeenpneewvr eso 


Chief pilot ..... 
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Altitude eeseeeses 
Object of trip .. 


Date aeeeseeusees. 
BAPGIOMS Gas ecava 
Destination .ece. 
Mask vpeesevceeege 


Chief pilot eee. 
PaSSENgers eewccee 
Altitude serscsces 
Object of trip es 
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+ Date eeerrererece 


Airplane SR°R 9858 
ip _ Destination ..... 
ti Mask 222° 3 2:9 9Ge © 


Chief pilot 2e@e0e 
PasSSengerS eeccee 
Altitude cceceres 
Coject of trip ee 


BE cttiareinsee's eae 
Airplane ..ccseee 
Destination wee... 
SE swe tineee ses 


Chief pilot ..... 
Passengers cesses 


Altitude e@eeanncae 
Object of trip .. 


TESTING BLB MASKS AND OXYGEN SUPPLY EQUIPMENT IN COMMERCIAL AIRPLANES 


Northwest Airlines was the first commerical 
line to install efficient oxygen eT DME R Se 


July 28, 1938, Reference: San Francisco Examiner ‘mtg? 46 1938. 
Northwest Airlines, Lockheed Sky Zephyr. 
Minneapolis via Billings to Los Angeles - 1900 miles, 
BLB, nasal mask of light brown rubber, with metal valve on connector 
to reservoir bage 
Mal Freeburg » Co-pilots: .Mel Swanson and B.E. Richie. 

W.R. Lovelace and six NWA engineer personnel. 
20,000 feet for greater portion of flight. 
To test new oxygen equipment for use by pilots and passengers 
and new type reducing valve which feeds correct amount of oxygen 
to maintain a normal tracheal pO» regardless of number of persons 
whose oxygen masks are connected up oxygen supply. 


August 5, 1938., Referee: Minneapolis Tribune, | 
orthwest Airlines, Lockheed Sky Zephyr. 
Los Angeles to Minneapolis in 7 hours and 40 minutes. 
BLB, nasal mask of light brown rubber, with metal valve on connector 
to reservoir bag. 
Mal Freeburg. Co-pilot: Mel Swanson and B. E. ‘Richie. 
W.R. Lovelace and two NWA personnel. | 
1/3 of flight at 30,000 feet; maximum 31,00 feet. 
To test new oxygen equipment for use by pilots and passengers 
and new type reducing valve at high altitudes. 


August 20, 1938. Reference: St. Louis Post. Dispatch. 

Howard Hughes - Lockheed 1) monoplane. 

Glendale, Calif. to Flod Bennett Field, N.Y. 

BLB, nasal mask of light brown rubber, with metal valve on connector 
to reservoir bage 

Howard Hughes. 

Three companions. 

Average elevation 17,000 feet and maximum elevation 20,000 feet. 
Record for speed - average of 238 miles per hour in 10 hours and 
32 minutes. This record is over Tommy Tomlinson (11 hours, 5 
minutes) years agoe 


October 21, 1938. Reference: Rochester Post Bulletin. 
Vanderbilt's Lockheed Zephyr. 

One and one half hour flight over Rochester and vicinity. 

BLB, nasal mask of light brown rubber, with metal valve on connect. 
to reservoir bag. 

Russel Thaw. ° 

W.M, Boothby, W.R. Lovelace, A. Uihlein, Ruth Knutson and 3 other 
péeYvsonnel. ~*~ * ? 

Meximum altitude 15,50 feet. 

The oxygen distribution equipment was installed at the Lockheed 
factory in Los Angeles. The Rochester flight was made to test 
the installation of the oxygen equipment, 


Datesceoccceseses’ 


Airplane @oeeeanvg 
Destinatior seses 
* MOOR chica deacons 


Chief pilot .oe«- 
Passengers .+see 
Altitude eacrreges 
Object of trip .. 


- Date cheaaneeetay 


Airplane eececeace 
Destination eeces 


Mask epevaseeress 


Chief pilot poe y ° 
Passengers eceecvce 


Altitude cecscese 
Object of trip’ ee 


_ it was the first public demonstration of an oxygen equipped commer- 
etal passenger plane intended: for regular passenger’ service. 


De 


February 20, 1939. Reference: Minneapolis Journal. 

Northwest Airlines - Lockheed Sky Zephyr. 

Minneapolis to Little Falls, 

BLB, nasal mask of black rubber, with metal valve’ on connector to 
reservoir bag. 

Mel Swanson, Co-pilot: Tom Chastain | 

W.R. Lovelace and 5 other NWA personnel, 

15,000 to 20,200 feet. 

To test the new BLB oxygen mask and oxygen distribution equipment 
that will be installed on all Northwest Airlines planes for use 
3. Pilots and paeesperr® when necessary. 


March 10, 1939. Reference: Boston Evening Transcript. 
Northwest Airlines - Lockheed Sky Zephyr. 
Minneapolis to Boston, Washington, Indianapolis and back to ee | 
Minneapolis. . 
BLB, nasal mask of black rubber, with metal valve on connector: ‘to | 
wr ons ee ee eee Aes 

Mal Freeburge Co-pilot: Eric Jaselk. Bees ees 

WM. Boothby, WR. LOVELA CE 5: Ae Uihlein, Ae quibulian ee six. 
other passengers. ' 

. 15,000 feet to 23,000 feet. phe ee ss 

To demonstrate the efficacy of the BLB oxygen mask tha oxygen 
‘equipment as installed in 2 commercial airliner’ to special meeting 
‘on Aviation Medicine at the Harvard University Fatigue Laboratory. 


The equipment was inspected at Boston, New’ York' and Washington 
by various officials concerned with the safety of*the crews and 
passengers in prolonged flights at the higher altitudes. 


SCIENTIFIC MEETINGS AND DEMONSTRATIONS 


Dec. 28, 1939 = Columbas, Ohio, The American Association for the Advancement of 

Science, W. M, Boothby, W. R. Lovelace, II and 0. O, Benson, Jr, 

(Science Service, for relense Dec, 29, and A.P, in Minneapolis Tribune Dec, 29,1939) 
At this meeting thn first public discussion was made of the value of prelime 

inary denitrogenation both with and without exercise before high chamber flights, 


Jan. 8, 1940 = Toronto University, R.C.A.F. Research Group. Prof, G. BE. Hall, Chr, 
Discussions by W. M, Boothby, W. R. Lovelace, II and 0, 0, Benson, Jr, (1) on 
value and advisability of preliminary denitrogenation for high flights, (2) on rates 
oxygen flow needed with BLB mask and reservoir bag to maintain normal tracheal p0ag 
at rest breathing 10 liters per minute and at light and moderate work when breathing 
20 to 30 liters per minute. Following the demonstration at Toronto Prof. Hall and 
Major Tice, R.C.A.F,,visited our laboratory on Jans 15 to 17, 1940, They made 
several flights (Nos, 50, 51 and 52) to 40,000 feet in the low pressure chamber with 
and without denitrogenation; electrocardiographic records and alveolar air studies 


Were mMadc. 


Mar. 15, 1940 - New Orleans, Scientific Exhibit of the Federated Biological Societies. 
We M. Boothby, W. R,. Lovelace, ITI and 0, 0. Benson, Jr. demonstrated methods 

of denitrogenation, of bail-out bottle and of charts illustrating rates of flow 

needed with BLB apparatus at rest and at light wrk calculated to maintain normal 


tracheal p02. 


April 24, 1940 = Mayo Acro Medioal Unit special demonstration for Major (later Lt, 
Gen,)Doolittle and Major Lester 0, Gardner (retired) Institute Aeronautical Sciences, 
(Minneapolis Tribune April 24, 1940) 

Preliminary denitrogenation with ascent to 40,000 feet made by Major Doolittle 
and Captain Benson, Jr,3 the latter made a simulated parachute jump with recently 
devised bail-out bottle (Flight No. 82). 


May 15, 1940 - University of Western Ontario, Canada, (Toronto Globe May 16, 1940) 
Lecture by W, M. Boothby on "fhe clinioal uses of oxygen and its application 
to aviators,” in which preliminary denitrogenation and the baileout bottle were 


discussed, 


May 27, 1940 = Mayo Aero Medical Unit. 
The first experiments to determine with greater exactness the rate of nitrogen 


elimination were made by W, M. Boothby, W. R. Lovelace, II and 0, 0, Benson, Jr, 
with subject (0.0.B.) at sitting rest and at work (walking on the treadmill at 

3 miles per hour), The average results of the series of experiments were first 
published in “Physiology of Flight,” Wright Field, 1940-42, page 27. The graph in 
this publication was made on semielog paper to indicate the probable asymptote; 
the data 6f the individual oxperiments when plotted on log-log paper lic in nearly 
all instances on 1. straight line over periods of 2 to 3 hours. 


June 22, 23, 1940 = Seattle, Univorsity of Washington, Branch meoting of the American 
Association for the Advancement of Science and at Boeing Aircraft Corporation, 

During lecture by W, M. Boothby in high altitude physiology We R, Lovelace, II 
demonstrated method of preliminary denitrogenation, then ascenléd to 40,000 feet 
in a small portable low pressure chamber using BLB nask, rosorvoir bag and recone 
mended rates of oxygen flew; dec&’cent was very rapid (not explosive) from 40,000 feet 
to ground level in 40 seconds, 


afte 


June 26, 1940 = Pasadena, California, California Institute of Technologye 
(Lecture and demonstration of June 22 repeated.) . 


‘Sept. 26, 1940 = Washington, D.C., National Acronautical Association at the Willardé 
Hotel, ! 

A complete exhibit and demonstration of all phases of the high altitude 
studies carried out at the Mayo Aero Medical Unit were made to the members of the 
Collicr Trophy Committee and other officers of the National Acronautical Association. 
Miss Jacqueline Cochran, who was one of the members of the Collier Trophy Committce, 
‘Made all the arrangements for this demonstration after she visited the Mayo Acro 
Medical Unit in August 1940, 


Dece 4, 1940 + Washington, D. C,, White House. 
President Roosevelt personally presented the Collier Trophy on behalf of 


the National Acronautical Association at noon on wrondene | Decenber *te 1940 with 
the following awards 


“The NATIONAL AERONAUTIC ASSOCIATION awards 
herewith the COLLIER TROPHY, aviation’s highest oivil 
honor, for the year 1939 to the AIRLINES OF THE 
UNITED STATES for their high record of safety in air 
travel, with special recognition to 
DOCTOR WALTER M. BOOTHBY 
DOCTOR WILLIAM RANDOLPH LOVELACE II 
' of the Mayo Foundation for Medical Research 
2820 and Education, and to 
CAPTAIN HARRY C, ARMSTRONG 
of the U,S. Army Medical Corps at Wright... 
Field, for their contribution to this safety record 
through their work in aviation medicine in general 
and pilot fatigue in particular, 
Done at Washington, D. C,. on the seventeenth 
day of December, Nineteen hundred and forty, 
Gile Rosh Wilson G, de Forest Larner 
President Secretary” 
Dec. 1940 = Mayo Aero Medical Unit, X-rays of Joints, 
During this month several series of xerays were taken at 40,000 feet of 
various painful joints of Dr, Harold Smedal. Definite indication of air in the 
wrist joint was obtained. One set of experiments are reproduced in Fig, 14a and 
14b, page 26 of "Physiology of Flight," Aero Medical Research Laboratory, Wright 


Piela, 1940-42, 


Jane 29, 1941 = Columbia University, Annual meeting of the saesetate of Aeronautical 
Sciences. (Reported in New York Times Jan, 29, 1941) 
W. Me Boothby and We. R,. Lovelace, II showed a motion picture of some of 
their activities in working to overcome anoxemia and aeroembolisnm. 


042 = Indianapolis, Ind, Closed ses@ion of the Aero Medical Association, 
First statistioal study of which we were aware of the value of denitrogenation 
as recommended by Mayo Aero Medical Unit in actual flight was presented by Dr, 
“Russell and Mr, Michael of the Boeing Aircraft Company. Part of this presentation, 
with additional data, was included in a mimmeographed and confidential report on 
"High Altitude Flying" at the Boeing Aircraft Company, Method of denitrogenation 
used with exercise shown by pictures in Bocing Nows of May, 1941, Vol. XI, Now 5s 


~ -* 


MAYO AFRO MEDICAL UNIT ee R 
_BARLY FLIGHTS IN LOW PRESSURE CHAMBER } 


* 


Flight 1, May 26, 1939 


The first run in the low pressure chamber of the Mayo Aero Modi cal ‘Unit was & slow 
ascent (1 hour 23..minutes) to 15,500 fect (S. 0, F, .)* . 


- 


Plight 2, May 29, 1939 
Ascent to wiles feot (S.0.F.) = no symptoms reported 


Flight 3,. tay 55 1939 
Ascent. tq 30,000 feet (S.0.F.) = no symp tons phe ot i 


Plight ian of teoty 6 1939 ’ 
Ascent to 20,000 feet st (S.0. F, a - no | Ss reported 


Flight 5, June 7, 1939 
scent to 30,000 fect (S.0.F.) LC. reported a smarting of eyes after.passing 


20,000 feet; note was made that the smarting and gritty sensation was considered | 
as ogee a manifestation of bends due to small superficial corneal Sestney,: 

Flight ‘iauitene 9,_1939 pe tes Yee SOUL Go Eeereaee 7. 
Ascent to 30,000 feet (S.0.F.) ond ‘no synptons ‘reported PACTS Nbc te gee ee 


Flight 7, June 12, 1939 


Ascent to 30,000 fect (S,0.F.) and no symptoms reported 


Flight 8, June 13, 1939 


scent to 30,000 feet (S.0.F.) L.C. reported itching of skin and N.D, snarting 
of eyes at 30,000 fect. 


e Flight 9, Juno 14, 1939 


Ascent to 30,000 fect (S.0.F.) and no symptoms reported 


Flight 10, June 15, 1939 
L,C,; reported “light headedness" at 35,000 feet (S.0.F.) (bends was considered, 


no anoxia) 


Flight 11, June 19, 1939 Denitrogenatad, 


First preliminary denitrogenation by breathing 100% oxygen at sitting rest for 
approximately 1 hour followed by ascent to 33,000 feet (S.0O.F.)3 notes in log; 
“oyes, skin 0.K,, modorato gas pains, no fatigue and not sleepy." 

This marks the beginning of the nearly routine use of denitrogenation before 
chamber flights on which the intention was to go above 30,000 feet; later if the 
flight was to be short some runs were made without denitrogenation, At the Mayo 
ero Medical Unit subjects were scarce and we felt it safer to prevent the extra 
fatigue which our subjects noted if they did not denitrogenate; we never had 
sufficient subjects to determine statistically the frequency of bends, We also 
began to recommend preliminary denitrogenation to test pilots of the various 
aircraft manufacturers who were testing the new high altitude aircrafts, 

* S.0.F. = Standard Oxygen Flowe These flows based upon maintaining a normal : 
tracheal pOp were later recommended by Boothby, Lovelace and Benson, Chart I=l, 
Mayo Aero Medical Units; also J. Aeronaut, Sci., 7: 465, Sept. 1940, 


—2ae 


Flight 12, June 20, 1939 Denitrogenated. 


Denitrogenated for 1 hour on 100% oxygen at sitting rest. On ascent to 33,000 feet 
(S.0.F.) slight gas pains (bend symptoms mentioned), 


~~. 


Plight 13, June 21, 1939 Denitrogenated, ae 
Denitrogenated for 56 minutes on 100% pores at sitting rest. On ascent to 35,000 


feet (S.0.F.) no significant symptoms, 


Flight 35, Nov. 28, 1939 Denitrogenated. 

Denitrogenated for 1 hour on 100% oxygen at sitting rest. Ascent to 40,000 feet 
(S.0.F,) and exorcise, Cyanotic and coughing and pain in joints at 40,000 fect 
(S.0.F.). Pain disappeared on descent to 33,000 fact, From 35,000 feet to 40,000 
fect for 2 hours, Had difficulty with intestinal gas since 15,000 fect was attained. 
Some gas in stomach or transverse colon with slight ‘upper abdominal cramps, Better 
when sitting upright. <Aftor 1 hour and 27 minutes above 35,000 feet abdominal 
discomfort gone, 


Pinght 37, Dec. 5,.1939 Denitrogenated with exercise. 

Denitrogenated by Wolking on treadmill at rate of 4 miles per hour - btentnehe 100% 
oxygen for 25 minutes, This is the first time exercise was taken while denitro- 
genating on 100% oxyfen. Because of slight symptoms of bends in Flight 35 after 
1 hour denitrogenation at sitting rest it seemed advisable to test the value of 
exercise in order to shorten the time needed to eliminate sufficient nitrogen to 
prevent bends. 


tes 


MAYO AERO MEDICAL UNIT 


ASCENTS IN LOW PRESSURE CHAMBER 


* few gelected experiments which at the time done were considered 


7=27=39 
Rochester 


11-28-39 
Rochester 


1-14-40 
Rochester 


6<12—40 
Seattle 


6-26-40 
_ Pasadena 


8-31-40 
Rochester 


9e2264) 
Rochester 


1L0—3=-41 
Rochester 


Asoent « . « » 


Record Events 


Experimental Subjects « » « « e« WeRelovelace and pilot from Northwest 
Airlines. 
Denitrogegation «. « + « « « « 40 minutes on 100% oxygen at sitting 
rest. 
Ascent « « « © © © + + » © «© © From 2,000 ft. to 40,000 ft. ( at 
40,000 fte for 2_minutes). 


Experimental Subjects . . « »« . WeReLovelace and 0.0,Benson. 

Penitrogéenation »« « « + « « - « 1 hour on 100% oxygen at sitting reste 

Aeecnt »« » 2 2 0 8 0 wt eo .@ 29000 Ste %0°40,000 tts (at 40,000 86 
for 3 minutes). 


eProf. GeE-Hall, Toronto and W.R, 
Lovelace, 

25 minutes on 100% oxygen = Treadmill 
2 miles per hours 

1,000 ft. to 40,000 ft. (at 40,000 ft¥ 


for 10 ninutes). 


W.eRe Lovelace 

30 minutes on 100% oxyfgene 

From sea level to 33,000 fte in 
11 minutes. 

Meeting, Seattle Branch, Institute of Aeronautical Sciences, 


Experimental Subjects «+ »« « » 
Benitrogonation. “eS a eo 
Ascent « « «© e « ‘Saf ee oe 
Experimental Subject . .« + « » 


Denitregenation » . . 
DOGG 6. + + 2s hs eo Oe eS 


oWeR. Lovelace 

On 100% oxygen preliminary to flight. 
From sea level to 40,000 ft, in 

8 minutes and 58 seconds. 

Meeting at Caltech of Institute of Aeronautical Sciences. 


Experimental Subject . « « « « 
Denitrofamatione . «. « « « @ @ 


Experimental Subject . . « « « WeRslovelace 

Denitregenation. »« « « « « «+ « On 100% oxygen preliminary to flighte 
Aseent » + « 6 « © © © © 2 © © 1,000 ft, to 41,000 ft. 

Special demonstration for Mr. Robert Hinckley, Assistant Seoretary of 
Commeroe for Aviation and Dre Brimhall, Director of Research, Civil 


Aeronautics Authority, 


DeB,Pill, Wright Field and J.Wilson. 
30 minutes on 100% oxygen —~ Treadmill 
3 miles per houre 


1,000 ft. to 40,000 ft-(at 40,000 fte 
for 25 mi eaten.) 
AeP.Gagge and H.Cranston. 


36 minutes on 160% oxygen - Treadmill 
3 miles per hour, 


1,000 fte to 42,200 ft, 
for 1 hour.) 


Experimental Subjeotse .». « « « 
Denitrogenation. Vt Be ie we oS 


Ascent «+ « 


Experimental Subjects. .« .« « « 
Denitrogénation. .« « « 6 « « « 


ENE bd bh ewe one ee (40=42,200 ft. 


10-21-41 
Rochester 


12-6—41 
Rochester 


1-15-+42 
Rochester 


3-31-42 
Rochester 


ASCENTS IN LOW 


Experimental Subjects 
Dentrogenation .. - 


Ascent “jee oe ee ee a 
Experimental Subjects 
Denitrogenation »« e . 
Ascent ie te, ae te 
Experimental Subjeéts 
Denitrogonation .. . 
Ascent Be oe ae oak ee ae 
Experimental Subjects 
Denitrogonatian « « « 


As ce nt . ° o . . e . 


PRESSURE CHAMBER (Continued) 


@ « « « DeBeDill, Wright Field and J.Resch. 

+ + « » 31 minutes on 100% oxygen = Treadmill 
3 miles per houre 

» + « © 1,000 ft. to 41,900 ft. (at 40-41,900 
ft. for 2 hours and 40 minutes). 


» « © « FeBeVose, Sperry Gyro and Capt. Halbouty 
« « « © 30 minutes on 100% oxygen — Treadmill 

3 miles per hour. 
» 2 «© # 1,000 ft. to 45,000 ft. (at 40-45,000 ft 


for 9 ninutes) 


« « « e JeWo Brown and LeAeBullard. 

« « « « 30 minutes on 100% oxygen =- Treadmill 
3 miles per hours 

» + « « 1,000 ft. to 45,000 fte (at 40-45,000 ft. 
for 10 minutes ). 


e « « e be Cronin and Lts Gressley. 


+ « « « 20 minutes on 100% oxygen — Treasmill 
3 miles per hour. 


« + © « 1,000 ft. to 45,000 fte (ar 40-45,000 
ft. for 57 minutes). 


\ 


e 
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DATE 


10-342 


1=7=43 


1-8=43 


MAYO AERO MEDICAL UNIT 


RiPID DESCENTS IN LOW PRESSURE CHAMBER 


HIGHEST ELEVATION TIME IN MINUTES AND SECONDS 
C,4, Lindbergh 40,000 ft, to ground 36 seconds 
Le Cronin 
J.P. Marbarger 45,000 ft, to ground — 1 minute 10 seconds 


J.P. Marbargor 50,608 ft, to ground 1 minute 15 seconds 


ra ‘ 4 
MAYO AERO MEDICAL UNIT Gy 


SIMULATED PARACHUTE JUMPS TESTING VALUE OF BAIL-OUT BOTTLE 


A few selected experiments which at the time done were considered 


Record Events | 


4—5=—40 W,R, Lovelace and 0,0, Benson denitrogenized for 33 minutes on 
100% oxygen walking on treadmill and ascended to 35,000 ft. lovelace simulated 
parachute jump from 35,000 ft, on bail-out bottle, 


4=—19=40 0.0, Benson and J,H, Doolittle denitrogenized for 35 minutes on 
100% oxygen walking on treadmill and ascended to 40,000 ft, Benson simulated 
parachute jump from 35,000 ft. on bail-out bottle. 


10-18=40 Milo Burcham, test pilot for Lockheed, Capt, Disoway and H, Smedal 
denitrogenized for 31 minutes on 100% oxygen walking on treadmill and ascended to 
40,000 ft. Burcham simulated parachute jump from 35,000 ft, on bail-out bottle, 


10=—20=40 Milo Burcham and WsRi Lovelace denitrogenized for 59 minutes on 
100% oxygen walking on treadmill and ascended to 35,000 ft, Violent exercise on 
bail-out bottle for 1 minute to imitate struggle to abatdon plane, Burcham simulated 
parachute jump from 35,000 ft. Became unconscious at about 25,000 ft. Mask with 
oxygen appliod by lovelace, 


12=17=-42 A,R, Loomis, Willow Run and H, Cranston (movies) denitrogeni zed 
for 20 minutes on 100% oxygen walking on treadmill and ascended to 40,000 ft, 
Loomis simulated parachute jump from 40,000 ft, on bail-out bottle, 


4=— 29m 43 Murray Hawley, Willow Run, wearing old positive pressure vest and 
Heidbrink anesthesia mask, and J, P, Marbarger, wearing positive pressure vest and 
mask, donitrogenized for 15 minutes on 100% oxygen walking on treadmill and ascended 
to 50,000 ft, (at 40,000=50,000 ft, for 22 minutes), Hawley simulated parachute 
jump from 40,000 ft. on bail-out bottle, 


MAYO AERO MEDICAL UNIT 


RECORD ASCENTS IN LOW PRESSURE CHAMBER WITH POSITIVE PRESSURE 
1+3=42 Norvin Eriokson and Bill McFarland wearing Akerman positive pressure 
suit donkerogoni zed for 1 hour and 12 minutes on 100% oxygen walking on treadmill, 
Ascended to 44,000 ft. and stayed at 40,000=44,000 ft. for 10 minutes, 


10-23-42 WR, Lovelace wearing positive pressure mask without ceunter=pressure 
denitrogenized on 100% oxygen from ground up, Above 45,000 ft, for 7 minutes, Upon 
reaching 51,440 ft. suddenly became extremely cyanotic, collapsed and had convulsions 
Rapid descent to about 35,000 ft. when L, Cronin entorod chamber from air look, 
Loveiace rocevored, 

L, Cronin on positive pressure apparatus with weighted spirometer, 
no counter=pressure, She had denitrogenizsd on 100% oxygen intermittently for 16 
hours, She ascended to 46,200 ft, and stayed there 11 minutos,then went into air 
lock which was ltwercd somowhat and changed to standard oxygon mask to observe W,.R, 
Lovelace as he ascended to 51,440 ft, When he collapsed yghe entered main chamber 
upon equilization of pressures around 35,000 ft, 


B= 643 J.P, Marbarger and C,B, Tayler wearing pressure mask and a counter= 

pressure vest (laboratory model) using closed circuit principle with absorption of COs. 

Arterial puncture made at 50,000 ft, Movie to show the technic and 
coordination of operator (16 minutes at 50,000 ft-) 

Upon reaching 50,000 ft, arterial puncture ecasily and quickly made by 
Marbarger into the femoral artcry of Taylor lying on cot, Three blood samples were 
taken after 1, 5 and 16 minutes at altitude, Movies taken almost continuously 
througheut stay at 50,000 ft. show eperator perfectly coordinated and able to make 
the arterial puncture and move about in the chamber, The subject indicated condition 
throughout as oxcecllent by regularly lifting right arm, 


4=u1~43 W,. Burrows using Wright Field positive pressure regulator and J.P, 
Marbarger wearing positive pressure vest and mask denitrogenized for 20 minutes on 
100% oxygen walking on treadmill, Ascended to 46,000 ft, and remained there for 
27 minutcs., 


5=-6=43 J,P, Marbarger wearing positive pressure mask connected to positive 


“pressure regulator and Prof, Akerman's pressure suit and helmet (Navy) 2=24 lbs, 


pressuro, Ascended to 56,964 ft, and stayed there for 10 minutes, above 50,000 ft, 
for 16 min tes, 


5=7=43 Ray Moore wearing Prof. Akerman's positive pressure suit and helmet 
with chin type mask. Ascended to 53,861 ft. and stayed above 52,000 ft, for 27 
minut CS8o 


5—8=43 Harley Thorson wearing Akerman suit and helmet denitrogenizad on 
fn 100% oxygen, Ascended to 57,165 ft, and stayed above 50,000 ft. for 35 minutes, 


B= 26—43 Capt. Dawbarn from Wright Field wearing Goodrich pressure suit, No 
denitregenation because pressure maintained subject at low levcl, Ascended to 
67,471 ft and stayed for 5 minutes, 


Que 2 Gm 3 Phil Gilmore from Republio and H, F, Helmholz,y Jr., wearing pressure 
mask with counterepressure vest, Ascended to 47,473 ft, and stayed above 45,000 fte 
for 4 minutes, 


MAY@ AERO MEDICAL UNIT 


DATA FROM HIGH ALTITUDE LABORATORY 


The data obtained by the research workers in the High Altitude 


Laboratory were usually best presented in charts. The majority of these 


charts were incorporated in the various reprints or papers listed in the 


bibliography, 


It is time consuming to search through papers for the speaific 


data they contain and as most of this data is valuable it seemed best 


for the convenience of any one reviewing the subject to have as much data 


as possible conveniently available. The graphs are self explanatory and 


are arranged in the following subject groups. 


Group 


Group 


Group 


I 


It 


Iit 


vIItr 


Alveolar air data 


(a) Effeot of altitude on oxygen pressure in the lung} 
(>) oxygen requirement at altitude. 


Percent saturation hemoglobin determined by 

(a) Van Slyke blood gas analysis (b) oximeter (c) from 
alveolar pOo 

Vital capacitys 

Voluntary hyperventilation. 


Nitrogen elimination and effect of preoxygenatione 


Effusion time of gases and their flow characteristics 
through single orifices and through sponge rubber disks.» 


Miscellaneouss 


MAYO AERO MEDICAL UNIT 


% 


DATA FROM HIGH ALTITUDE LABORATORY 


Group I 
ALVEOLAR AIR abYBOLAR ATR DAMA) 


(1) II~1 August 1939, WeM.Boothby, BeAsMcSwiney and A Uihlein. 
Alveolar pC2 resulting from increasing rate of oxygen flow using a BLB 
mask on a small, medium and large individual at ground level, 


(2) IIe2 November 1940, WeMeBoothby, JePratt and H.Smedal. 
Alveolar oxygen and C02 pressures as affected by varying (1) size of 
reservoir bag of BLB mask and (2) rate of oxygen flow at ground level. 


(3) IIe3 . August 1940 WeMsBoothby. and WyRibovelace 
Alveolar oxygen pressures as effected by different rates of oxygen flow 
using different methods of administration at ground level, 


(4) m1’ September 1940, W.MeBoothby, WeR-Lovelace and 0.0-Benson Jr» 
alveolar 02 pressures at increasing altitude (a) while breathing air and 
(b) while adding oxygen at indicated rates of flow per minute as re= 
commended to maintain normal tracheal p02. 


{5) Ie2 September 1940, W.M.Boothby, WeReLovelace and 0.0.Benson Jre 
Alveolar 02 and CO2 pressures at various altitudes breathing air in 
low pressure chamber compared with data obtained by McFarland in 
nitrogen chamber (method of calculating altitude not known) 


(6) Ie3 November 1940, W.M.eBoothby, N. Erickson, He. Smedal and J.Pratt. 
No significant difference in the alveolar 02 and CO2 pressures at various 
altitudes found on subjects with and without breakfast. 


(7) I=4 September 1940, W.M.Boothby and W.B.Dublin,. 
Effect of regulated hyperventilation on alveolar O02 and CO2 pressures 
at various altitudese 


(8) Ie5a 1940 revised 1943 by W.M.Boothby. 
Alveolar O02 and CO2 pressures while breathing oxygen at stipulated 
rates of flow using BLB mask at elevations up to 42,000 feete 


(9) Im6b October 1943, W.M.sBoothby 
1313 alveolar p02 and pCO2 individual observations and their averages 
at various altitudes in low pressure chamber, 


(10) I=7 September 1943, W,eMeBoothby 
The same alveolar oxygen pressure is attained by simulating altitude 
by addition of nitrogen as found in previous experiments in low 
pressure chamber, 


(11) I-6b-c August 1944, J.W.Wilson and W.M.Boothby 
Alveolar air data on subjects acclimatized to 6,180 feet at Peterson Field : 
Colorado Springs Colorado. Cooperative study — Field Aero Medical 
Laboratory and Mayo Aero Med4cal Unit. 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 


(20) 


(21) 


(22) 


(23) 


Alveolar Air Data (continued) 


Im6b—1 August 1944, J.W.»Wilson and WeM.Boothby. 

Alveolar air data on same four subjects 
(a) At Rochester, altitude 1,000 feet. 
(>) After 2 or 3 days at Colorado Springs, altitude 6,180 feet, 
(c) After 2 weeks at Colorado Springs. 


I-6E February 1944, W.M.Boothby. 
Comparison alveolar air data in males and females at various altitudes. 


I-10a March 1942, W.M,Boothbye 

Alveolar p02 and pC0O2 and alveolar pressure ratios as affected by duration 
of stay at 15,000 feet. (Stabilization within 15 minutes after removal 
normal oxygen, ) : 


ImlOb July 1943, W.M,Boothby and H.¥.Helmholz Jr, 
Alveolar p02, pC0O2 and APR as affected by duration of stay at 10,000 feet 
(immediate stabilization. ) 


IelO0c June 1944, WeM,Boothby and J.B.Batemane 
Alveolar p02, pCO2 and APR as affected by duration of stay at 15,000 feet 
(no oxygen during ascent 3 minutes). 


XII-7a May 1942, W.M.sBoothby. 
240 observations on p02, pCO2 at various atmospheric pressures from 


270 MMe to 350 MMe 


Iella June 1944, J.BoBateman and W.eMeBoothby 
Comparison of respiratory quotients calculated from analyses of alveolar 
and total expired air. 


Imllb June 1944, J.B. Bateman. 
Time course of change of true respiratory quotient and alveolar respira-= 
tory quotient after a meal of rice at ground level of 1,000 ft. 


I-llc June 1944, J,B,Bateman. 
Same as (19) except experiment done at 12,000 ft. 


I-lle June 1944, J,.BeBatemane 
Comparison of observed changes in partial pressures with those calculated 
from changes in respiratory quotient occurring after meal of rices 


I-6d—-b June 1944, W.eM,Boothby 

Comparison of inspired, tracheal and alveolar air pressure between .~- 
low altitudes breathing air and high altitudes breathing oxygen. (chart 
available in large size for indoctrination). 


I-6d=c June 1944, WeM.Boothby, H.FeHelmholz gr, and-d¢ByBatenan 
Effect of anoxia on alveolar air pressures A simplified form of 
(22) for indoctrination. 


(24) 


(25) 


Alveeplar air data(continued.) 


I-6d—e August 1940, W.M,Boothby, H,F.Helmholz Jr, ana J.BvBateman 
Atmospheric Triangles: Another simple form of (22) for indoctrination, 


I-6b—-2 December 1945 , H.¥F.Helmholz and WeMeBoothby 
Changes in APR and ARQ (1) after ascending to 18,000 feet for 1 hour 
and (2) after descending to ground for l hour, 


small subject 


Alveolar oxygen pressures with various rates 
of flow of oxygen using B.L.B. mask 


3 
Liters of oxygen flow per minute 
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BOOTHBY 


MCSWINEY 


AND UIHLEIN 
Aug. 1939 


LVEOLAR Os AND CO, PRESSURES IN ONE SMALL AND TWO LARGE 
SUBJECTS AT SITTING REST AS AFFECTED BY VARYING (1) SIZE OF 
BAG OF BLB OXYGEN INHALATION APPARATUS AND (2) RATE OF O32 FLOW 


90}- ME. : wy fe S 
ale -117 lbs. an ee pacity, 0 
5 ft 4 in. al a reservoir~ bags 
2 x = 450 C.C. 
ra = mm 
% Hg. 
7 48 
6 41 
5 34 
4 27 


J. H. 
Male - 175 1bs. 
6 Tt. 3 in. 


48 
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al 


SOO 


H.A.S. 
Male -190 lbs. 
6 ft..4 in. 


Alveolar carbon dioxide concentrations in % ant min. of [ht 
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Oxygen flow in liters per minute 
BOOTHBY PRATT AND ~*~ SMEDAL 
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. High altitude effect on human body 
J. Aeronaut. Sce 7: 65, Sept. 190. 


EQUIVALENT ALTITUDES 


ALVEOLAR Og PRESSURES - MM. OF HG. 
WHILE BREATHING AIR AND WHILE BREATHING OXYGEN AT STIPULATED RATES OF 


Oz flow — liters per minute Van 
We me BY 0.5 0.7 1.0 1.5 Ta 24 
|Bar-S.T:-Dr y 0.73 1.24 2.18 $3.51 -546. 8935 169% 
Bar -37°C-Dry 0.83 1.41 249 400 659 1018 1475 
pee. Sat. 0.91 1.58 2.65 4. 50 8.30 13.84 22. 15) 


| 


Used and ekieuinded by Boothby, Lovelace| and Benson for ook aids reservoir 
bag, Mayo Aero Medical Unit 1939, calculations of flow made for an assumed Ser ion 
rate of 10 L per min. at B, 37° C. sat. Aviators sitting rest. 

J. Aeronaut. Sc, Sept. 19)0. | 
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BoorHBy- Benson (Calculated) 
A-Breathing air RQ. 1.0 
peresthing O2 RQ. He 
--Experimental determinations 
x = Hyperventilation (breathing air) 
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ALVEOLAR and CO, PRESSURES and ALVEOLAR RATIOS at VARIOUS ALTITUDES WHILE BREATHING AIR 
MAYO AERO MEDICAL UNIT 


" supsects ACCLIMATIZED TO A GROUND ALTITUDE OF 1,900 FEET 
Averages: Haldane-Priestiy Method at Rest 


[o} 45 observations or more 
cc) 37 observations or less 


Alveolar CO2 Alveolar 02 


Elevation Number of Mean Standard Mean Standard Alveolar Ratio 
in feet mm. Deviation mm. Deviation Me: 


. 
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SSsssasesssissses 
POOH OSCHUOCKBNOCNHONS 


INDIVIDUAL OBSERVATIONS 


Totel number = 1313 


Bethea 
Maldane-Priestiy Meat 
Raldane-Priestly Rest (Work Sertes) 
Maldane-Priestly Work 
RageRebreathing Rest 
Dag-Rebreathing Rest (Work Series) 
Bag=Rebreathing Work 


Chart includes all data obtained between 12=21=39 and 3-13-43, - 
Both the CO and 05 content of all alveolar air samples were 
Uotermined “0! setrdeally in caltSrated Haldane cas analyzer, 


‘ 


See Sees SESS eee! Pe ies 


CURVE A = EXPERIVENTAL ALVEOLAR 02 PRESSURE (Ap02) 


CURVE ¢ = EXPERIMENTAL ALYDOLAR COzg PRESSURE (ApCO2) 


ALVEOLAR O, PRESSURE mm. 


GURVE £ = EXPERIMENTAL ALYSOLAR PRESSURE RATIO (APR) 


A, C ond E are smoothed curves representing the experimental date. 
Both the curves and the individual values are related as follows: 


{p02} or APR = a... on and 


aaa Ir0g ern = 4f02 (3-47) TpOg = apd2z 


ApOg = If02 (B=47) - ica ld or ApOz = 0.2094 (B=47) = pas 


where D indicates barometric pressure, p indicates partial pressure 
of gas, f indicates volumetric fraction of dry gas, A indicates 
alveolar air, I indicates inspired air, 47 is the vapor pressure 
water at 37° C., and 0.2094 is the fraction of O2 in pure dry 
inepired sir. 


CURVE B = TRECRETICAL ALVEOLAR O2 PRESSURE. It is assumed that there 

is no compensation by the body to the anoxis resulting from the decrease 

in partial preseure of oxygen in inapired air at increasing altitudes. 
CURVE D = THEORETICAL ALVEOLAR COg PRESSURES. (No compensation for anoxia.) | 


CURVE F = THEORETICAL ALVEOLAR RATIO. (Ko compensation for anoxia.) 


Bees 


ALVEOLAR 
C 0, PRESSURE mm. 


ALVEOLAR 


BAROMETRIC PRESSURE ~ mm. Hg, Wolter M. Boothby Ociober 1943. 
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ALVEOLAR O, and CO, PRESSURES at ALTITUDES—-SIMULATED by adding NITROGEN to CHAMBER AIR 


Mayo Aero Medical Unit 
1e.. 20 al 


SUBJECTS ACCLIMATIZED TO A GROUND LEVEL OF 1,000 FEET 
ALVEOLAR AIR BY HALDANE - PRIESTLEY METHOD 
SUBJECTS AT SITTING REST 
e 272 Observations: CO, less than !%(7mm.)in chamber air 


o 74 Observations: CO, more than 1% (7mm) in chamber dir 
CALIBRATED HALDANE APPARATUS FOR AIR ANALYSIS USED 


CALCULATION OF ELEVATION USING NITROGEN 


ia TO GALCULATE THE SIMULATED BAROMETRIC PRESSURE THE FOLLOWING FORMULA WAS USED 


ae Where Ba= Borometric pressure of the simulated gititude 
Bg= Barometric pressure at experimental ground level 


f0,* Volumetric fraction of oxygen in the chamber air (dry) after nitrogen has been added 
pa Frascere a maies vapet. in ban lagturated air, at body semparerare of 37°C 


ALVEOLAR 0, PRESSURE 


ROMETRI SSSURE ¢ T \TUDE BY ADDING NITR 
THE 3 SUPERIMPOSED CURVES me and G REPRESENT DATA IN THE LOW PRESSURE 
| CHAMBER (DECREASE IN BAROMETRIC PRESSURE) PRESENTED IN CHART I-60. THE pQp 
a DATA OBTAINED BY BOTH METHODS INDICATES EXCELLENT CORRELATION. 
curve A= EXPERIMENTAL ALVEOLAR 0, PRESSURE 
curve B = THEORETICAL ALVEOLAR 0, PRESSURE WITHOUT HYPERVENTILATION 
curve C = MEAN OF THE EXPERIMENTAL ALVEOLAR GO, PRESSURE 


ena 
anCE 3s 
aa amt 


ALVEOLAR C 0, PRESSURE 
Oo) 


Chart I -7 . SIMULATED BAROMETRIC PRESSURE mm. Hg. Sikes eaipeay: Seebar ae 


(/0) ‘ 


C ON ELEV. USING NITROGEN 


I, The partial pressure® of oxygen in the tracheal air**® at any altitude is obtained 
from the following equations 
. (Poo)s & (B, - 47) x 022093 


Where (Po2), = partial pressure of oxygen in the tracheal air at any altitude, 


Be = total barometric pressure at the altitude 


47 = water vapor pressure of saturated air at 37°C, 
0.2093 = volumetric fraction of oxygen in atmospheric air (ary) 


II. When it is impossible to go to the desired altitude or to simulate the altitude 
in a low pressure chamber, another method of studying effects of altitude on the avia~- 
tor is available, namely, that of reducing in a chamber the partial pressure of oxygen 
by the addition of nitrogen. The altitude resulting thereby can be determined as 
follows: 


(Poa), = (By - 47) x fo2 


Where (Po2)¢ = partial pressure in mm. of Hg. of oxygen in tracheal air obtained 
at ground level by simulating altitude by addition of nitrogens 


By = total barometric pressure at ground level, 
47 = water vapor pressure of saturated air at 37°C. 


fo2 = volumetric fraction of oxygen in the chamber air (dry) after 
nitrogen has been added, 


III. In order to compare the results obtained between an altitude simulated by nitro- 
gen with those actually obtained by altitude or by utilizing 4 negative pressure cham~ 
ber, the two expressions may be equated and then solved for B, which would be the ..— 
actual barometric pressure for an altitude corresponding to the nitrogen added, Equat~ 
ing the two equations: 


(B, = 47) x 0.2093 = (By - 47) x fo2 
solving for B, 


Ba = aes 


0.2093 
It is to be noted specifically that this method in both instances deals properly and 
simply with the partial pressure of water vapor which is constant at 47 mme of Hg, in 
the lungs under all conditions. 


From barometric pressure thus obtained one looks up in the “Altitude~Pressure 
Tables Based on the United States Standard Atmosphere" the corresponding‘ altitude 
in feete 


*All pressures expressed in millimoters of mercurye 

**The term “tracheal sir" is used arbitrarily to indicate atmospherio air saturated 
with moisture at body temperature which is the actual condition of the air as it 
enters the alveoli before any exchange with blood gases has occurred. This is, of 
course, an arbitrary division because gas emchange proceeds more or less simultane= 
ously with saturation. The word “trachea” does not have an anatomical limitation 
but, as mentioned above, is used arbitrarily. 
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; ALVEOLAR Og AND GO, PRESSURES AND ALVEOLAR RATIOS AT VARIOUS ALTITUDES WHILE BREATHING AIR 
A Cooperative Study carried out at Peterson Field, Colorado Springs, Colorado by 
WRIGHT FIELD AERO MEDICAL LABORATORY AND MAYO AERO MEDICAL UNIT 


SUBJECTS ACCLIMATIZED TO 6/80 FEET 


ie) | 2 4 . © nh 2B ww 8 6 YR OB et 


ceYTeTreuLr i) ee) ee 


iiiiue mmneaeen a ae cewean oF 
a sis gece 


£8 SIT 
42 t2.1 
568 10.6 
464 t0.5 
38.5+05 
346 tos 
31.1 £04 
27.6104 
26.4+05 
24.3 


349303 
3068+ 0.3 
2687+ 0.2 
2438 t02 
221.7+0.2 
199.6 +02 


Experimental Work directed by Captain John W.Wilson Sn. C 


The Low Pressure Chamber of Peterson Field was used. 
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DESCRIPTION OF CURVES 
SUBJECTS ACCLIMATIZED TO GROUND LEVEL OF 6,178 FEET 
Curve Ag Experimental Alveolar Oxygen Pressures 


Gurve Cg Experimental Alveolor Carbon Dioxide Pressures 
Curve Eg Experimental Alveolor Pressure Ratio 


Theoretical curves Bg and Dg are constructed assuming there is no 
compensation by body to anoxia resulting from decrease in partial pressure)" )*~ 
of oxygen in inspired air at increasing altitudes. Difference between -—— |. - 


uncompensated and experimental curves indicates magnitude of the 
compensation produced by the ANOXIC DRIVE. 

SUBJECTS ACCLIMATIZED TO GROUND LEVEL OF 1,000 FEET 
Experimental curves A; ,C; and €, and theoretical curves B, and Dy 
taken from Mayo Aero Medical Unit chart T-6b are added for 
comparison. These curves based on over 1,000 observations. 
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Mayo Aem Medical Unit 


ALVEOLAR O, AND CO, PRESSURES AND ALVEOLAR R.Q. BREATHING AIR 


Data obtained at Colorado Springs (6,180 feet) 


1,000 feet) 


Data obtained previously at Rochester, Minnesota ( 
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Curve A— Alveolar O2 Pressure (ApQo) 
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ALVEOLAR AIR DATA USING HALDANE - PRIESTLEY METHOD 
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ALTITUDE — THOUSANDS OF FEET 


SUBJECTS AT SITTING REST ACCLImaTIZ£D TO Gh’ 


700 500 
TRi¢ RE 


‘VRE OF 1,000 FT. 


Males: 774 Determinations Females: 193 Determinations 
Elev. No. CO, O2 pe aly. No. COs 02 Aly. ome 
et s. bs. mm. mm. Quot. 
CO re 1,000 148 37.1 102.7 Oo. a3 0.891 34 35.3 100.6 0.753 Oo. og 
100) YI 2,000 8 38.1 95.5 0.862 0.893 
3,000 31 37.5 88.3 0.821 0.859 14 33.4 91.2 0.761 0.807 
ei Ll LL es es ee 
~ 5,000 60 36.6 81.8 0.869 0 33.0 79.0 0.693 0.746 
6,000 40 37.3 73.5 0.936 0.857 14 33.4 76.3 0.765 0.810 
7,000 3 40.0 67.0 0,832 0.867 
— 8,000 10 37.4 64.8 0,830 0.865 
9,000 34 36.7 60.3 0.805 0.844 16 32.7 62.9 0.754 0.800 
10,000 78 36.4 4 0.8 91 32.7 63.2 0.865 0.895 
11,000 10 37.0 53.6 0.851 0.883 2 36.0 52.0 0.778 0.820 
12,000 45 35.7 50.2 0.841 0.874 16 32.5 51.8 0.782 0.823 
13,000 11 37.8 43.6 0.825 0.860 4 33.0 48.3 0.810 0,848 
14,000 18 35.7 44.5 0.881 0.907 8 34.6 42.9 0.810 0.847 
| j 15,000 _ 116 33.4 43.9 0.815 0.852 30 31.1 45.1 0.869 0.898 
| | 16,000 9 33.8 38.8 0,869 0.897 
tS 17,000 25 31.8 37.6 0,867 0.896 12 28.5 39.3 0.807 0.846 
| | 18,000 43 «(32.1 37.1 0.984 0.991 12 31.0 40.4 1.084 1.070 
} 36.6 0.974 0.983 2 29.0 37.0 0.965 0.976 
— 7 2052 1. 13 34° 36.5 4,253 2.198 
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: MAYO AERO MEDICAL UNIT 
Alveolar bond COp Pressures and Alveolar Pressure Ratios 
as affected by Duration of Stay at 15,000 feet 


Five subject’ wire taken to 15,000 feet on‘normal” oxygen, about 10 minutes at altitude mask was 
removed and alveolar airs obtained at intervals up to 9O minutes 
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Mayo Aero Medical Unit 
Alveolar O2 and CQOe2 Pressures and Alveolar Pressure Ratios 
as affected by Duration of Stay at 15,000 feet 


Six subjects went to 15,000 feet without Oxygen. Alveolar oirs were obtained at intervals 
up to 9O minutes 


Preliminary O 10 20 30 40 50 60 70 80 
Ground 


90 
eer -l0c  Juas 1944 Time in Minutes after Reaching 15,000 feet W.M. Boothby 


J. 8. Bateman 


(74) 


“Ub ew AGHLO08 ‘W YFLTYM “Ya Buy uuu -ounsseud jujJewouog - we ae 
as Oe Oe COl ODE OOGl O04! COG Gow Gere Goce Gee = 
Oe a i ee 
wei y te ts —e 
2oj-c602  70d-(2+-G)E602" os Gee 
= O|DU UO|OSAN7 . Hor 3 
Lion ae 
ye! 
4 ; 2 
Ole 
ee 330 
t 
OV TO 
 gunsgoud ZOD UdOSA\V7 eee 
te 8 


Sor 


OV 
O 
= 
0 
cia OC 
= Ow 
ao 
© 
=, OF e 
. 
ia 
OS 


% v eed -~ * BW Stes Oe eee 
ea! Se a 
Uae Rh 


OO OOG 
| GO O| Cl O? Ge O'E S3adaHdSOWLY C’ 
ee OS K— > ORO) 2 ~15(O OSE O Re! ONO} R- ym ©) Oye ON RS Oe een en — 


COMPARISON OF RESPIRATORY QUOTIENTS CALCULATED 
FROM ANALYSES OF ALVEOLAR AND TOTAL EXPIRED AIR 
1.0 
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| Total Expired Air June 1944 
Chart I- Ila © GROUND @ 12,000FEET 
Fig. | 
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TIME COURSE OF CHANGE OF TRUE RESPIRATORY QUOTIENT 
| AND ALVEOLAR RESPIRATORY QUOTIENT 
AFTER A MEAL OF RICE 


DATA OBTAINED AT GROUND LEVEL (1,000 FEET) 


Upper section of each quadrant contains points for true respiratory quotient Q” @ and for alveolar respiratory quotient Q" O 

Lower sections show ventilation rate in liters per minute (atmospheric pressure, 37° C, 47mm. water vapor), @ and oxygen 
consumption incc. per minute at 760 mm., O° G, dry. 

Abscissa: time in minutes. Zero is time at which meal of rice was finished. 


RIGE 517 g. 
RICE 949 g. 


200 


ee 
cee meee 


400 


RICE 675 g. 


RICE 619 g. 


300 


200 


1 
ee ee ee 


- 50 iQ +50 100 -50 


+50 100 


‘Mayo Aero Medical Unit iio heh Oy Be ORR a ea TIME aoe ; J.B.Bateman 


a - 


Chart I -Ilb June 1944 W.M. Boothby 


Fig.2 


TIME GOURSE OF CHANGE OF TRUE RESPIRATORY QUOTIENT 
AND ALVEOLAR RESPIRATORY QUOTIENT 
AFTER A MEAL OF RICE 


DATA OBTAINED AT 12,000 FEET SIMULATED ALTITUDE 


Upper section of each quadrant contains points for true respiratory quotient,Q", and for alveolar respiratory quotient Q". 
Lower sections show ventilation rate in liters per minute( ambient pressure, 37°C, 47mm. water vapor) , and oxygen 


consumption in cc. per minute at 760 mm, O°C, dry - 
Abscissa: Time in minutes. Zero is time at which meal of rice was finished. Q V 
Dotted line on left of each qradrant shows point of ascent to 12,000 feet. e 
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COMPARISON OF OBSERVED CHANGES IN PARTIAL PRESSURES 
WITH THOSE CALCULATED FROM CHANGES IN RESPIRATORY QUOTIENT 
OCCURRING AFTER A MEAL OF RICE 


Abscissa: Calculated change, ApC"+ ApO". Ordinate: Measured change, ApC"+ Apo" 
; Units : Millimeters of mercury. O Ground level, 1,000 feet. @ 12,000 feet. 
, Points representing measured changes smaller than those calculated must all fall 
within sectors AOB and COD. 
The pairs of lines parallel to AOD represent the average discrepancy between 


| 
; : calculated and measured values. 
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Mayo Aero Medical Unit 


EFFECT OF ANOXIA ON ALVEOLAR AIR PRESSURES 
AVIATOR BREATHING AIR AT VARIOUS ALTITUDES 


The pressures of Og, GO2 and Ne in the inspired tracheal air are characteristically altered during the respiratory 
cycle. In the "Steady State" these respiratory changes are based upon the character of food eaten which alters 

not only the partial pressures but also the total volume of the alveolar air from the inspired air. Altitude anoxia , 
dependent upon its intensity and duration, superimposes in the "Semi - Steady State" definite additional changes 

in the alveolar nitrogen, oxygen and carbon dioxide pressures and consequently upon the various ratios or quotients 
that can be calculated therefrom. The alveolor oxygen pressure can be calculated by the following formula: 


pO" = pdO' — [pc" +(pN" — pN')| 


One prime = Tracheal air: Two primes” = Alveolar air ~ 


at 
a 
8 
E 
€ 
f 


N 
200 o 
2 Curves based on the averages obtained from over 1,000 HALDANE — PRIESTLEY 
190 a alveolar air determinations most of which were obtained on lO males and 
5 females : See chart I-6b 
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760 ce ae os reas EXPLANATION OF UPPER SERIES OF SCALES 
| Altitude. 1,000 feet 
Barometric Pressure 
Partial Pressure of Nitrogen in Dry Air:(B x 0.7903) 
Partial Pressure of Nitrogen in " Tracheal" Air after Saturation with 
47mm. Water Vapor, Body Temperature 37°C (B87.P.S);(B-47) 0.7903 
Partial Pressure of Nitrogen in Alveolar Air: (B—47) Af No 
Partial Pressure of Carbon Dioxide in Alveolar Air: (B— 47) AfCOe 
All Pressures in mm. Hg. 
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40 
Saturated with Water Vapor Ory 
~Y doch ; 3 
450 
The Partial Pressure of Alveolar Gases must equal Barometric Pressure 
Oh) Sa ial Se a . spf fp eK Unless ARQ. is Unity there is a change in the: Lung of the 
m» 400 3 Volume of the Respiratory Gases 
NITROGEN As many Molecules Nitrogen are exhaled as are inhaled 
are Therefore a change in Nitrogen Pressure can be used to 
350 _ calculate the change in Volume and to obtain the A.R.Q 
p =partial pressure of gas 
300 wer a arr Sap 0c ete ee ee ree ti a bts ~~~ “At. s"Atmospheric™ air dry 
T=" Tracheal” air (BTPS) 
2 lisee | _A =Alveolar air ( BTPS) 
N 
250 


OXYGEN : 
BREAT HING | 
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MAYO AERO MEDICAL UNIT 


DATA FROM HIGH ALTITUDE LABORATORY 


q Group II 
4 ; - > 
] EFFECT OF ALTITUDE ON OXYGEN PRESSURE IN THE LU AND OXYGEN REQUIREMENT 


(1) XIIe4 May 1942, J,Berkson and WeM,Boothby 
Change of alveolar oxygen pressure with altitude. 


(2) XIIe5 May 1942, J. Berkson and W.eM.Boothby . 
Change of alveolar oxygen pressure with altitude and its effect on 
(a) dry atmospheric inspired air and (b) air saturated with mositure at 
97°C ( trbohtal' air). 


(3) XII-6 May 1942, J.Berkson and WsM.Boothby 
Liters of oxygen necessary to maintain at altitude oxygen pressure 
normal (149mm) in tracheal air per liter of ventilation measured at 
BYPS. 3 


(4) XII-13 August 1943, W.M.Boothby 
Oxygen and air added to inspired mixture required to maintain at various 
altitudes the pressure of oxygen existing in tracheal air at the sea 
level equivalent of 149 mme expressed volumetrically and by weight, 


(5) XIIell June 1943 H,¥,Helmholz Jr. 
Effect of temperature chanfe, water vapor and pressure change in reducing 
® constant ventilation rate of 10 liters per minute P.T.P.S. L  SeTePaDs 


(6) Vela 1940, W.M.Boothby 
Comparative rates of oxygen flow expressed at STPD needed by . 
I. Gonstant flow (a) Manual control (b) Automatic aneroid 
II Demand Metshoa 


(7) V=2a Same as (6) but expressed BTPS 


(8) XII-14 December 1944, Swann modified by Boothby 
Rates of oxygen flow per minute compared with oximeter data obtained by 
Capte Swann at Wright Field. 


(9) 20 Maroh 1942, WeM.Boothby 
Oxygen requirement for aviators 


(10) 2g2 August 1943, WeM.Boothby 
Table showing oxygen and air added to 1@ L (BIPS) inspired air required to 
maintain at various altitudes the pressure of oxygen existing in tracheal 
air of sea level equivalent of 149.3 mme Data for chart XII~13 Noe 4 
in this series. big fae 


i MAY@ AERO MEDICAL UNIT 


DATA FROM HIGH ALTITUDE LABORATORY 


EFFECT OF ALTITUDE ON OXYGEN PRESSURE IN THE LUNG AND OXYGEN REQUIREMENT. 


~ (11) 2G6(a) August 1943, WM.Boothby 
(a) Pressure and percent oxygen needed in Inspired Air Dry 
to maintein tracheal sir at 149¢3 mme = Sea Level Equivalent 
(b) Amount of oxygen used from cylinders, subject breathing at 
rate 10, 20, and 30 L/mine 


(12) 2G)b) August 1943, WeM.Boothby 
Sane as 10 but for 122.5 mme = 5,000 ft. equivalent 


(13) 2G6(c) August 1943, W.M.Boothby 
Same as (10) for 117.7 mn. ™ 6,000 ft. equivalent 


(14) 2c¢(a) August 1943, W.M.Boothby 
Method of caloulation (10), (11), (12), ana (14) 


(15) 26( August 1943, W.M.Boothby 
Same as (10) for 143.6 mm. = 1,000 ft. equivalent (Rochester) 


(16) XVIII<la July 1943, W.M.Boothby 
Amount of oxygen saved by using Diluter on Demand Valve. 


(17) XVIIIelb July 1943, W.eMeBoothby 
Further saving of oxygen by using both “Diluter" and “Economizer Bag" 
with Demand Valve. 
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LEGEND CHART XII~14 


STPD = Standard temperature and pressure, drys 760 mme, 0°C, ary 
NTPD » Normal temperature and pressure, drys: 760 mm. 70°F, dry 
BTPS = Body temperature and ambient pressure, saturated with moistures Bar.37°C, Sat. 


Swann's data for curves 1, 2 and 3 are indicated by a large solid circle for 
the average of 3 determinations and the upper and lower of these determ— 
inations are indicated by the oblong block expressed at NIPD. 


Curve 1 = Oxygen flow required for subject at sitting reste Curve fitted to 
data by method of least squares, The average ventilation rate of ssme 
subjects under similar conditions was found to be 869 L/min., BIPS. 


Curve la =~ Similar to curve 1 but calculated for the standard resting ventila= 
tion rate at sitting rest of 10.0 L/mine, BIPS. (This allows easy compare 
ison with other data the majority of which is calculated for a standard 
resting ventilation rate of 10.0 L/min., BTPS.) 


Curve 2 = Subjects on a bicycle ergometer doing work equivalent to 2400 fte . 
lbss/mine The same subjects when doing similar experiments at ground 
level had an average ventilation rate of 2664 L/min., BIPS. 


Curve 3 =— Subjects doing work equivalent to 4200 ft. lbse/mine In similar 
experiments on same subjects at ground level the average ventilation 
rate was 40.7 Lf/min., BIPS. 


Curve 4 = "5,000 foot" standard oxygen requirement for the demand regulatore 
The ourve represents the liters of oxygen, STPD, needed to maintain 
tracheal p02 = 123 mm. with subject breathing 10 L/mine, BTPS. 


Curve 4' = SAtfe as curve 4 but oxygen floW axpressed: at NTPD. 


Curve 4a ~ "Sea level" standard for demand regulator, Liters oxygen, STPL, 
needed to maintain tracheal p02 = 149 mm. with subject breathing 
1® L/min., BIPS. 


Curve 4a' = Same as curve 5 except oxygen flow expressed at NTPD. 


Curve 5 = Liters oxygen, STPB, recommended by Boothby, Lovelace and Benson for 
use with constant flow BLB mask (750 ec. reservoir). Their recommend= 
ation corresponds approximately to a "4,000 foot" standard to 20,000 
feet and increasing to “sea level" standard at 30,000 feet. Above this 
altitude oxygen flows increased to 2e4 L STPD to give an excess at 
40,000 feet ‘for dafety. Note in-aetached chart that~these oxygen flows 
maintained an essentially normal alveolar p02 up to 40,000 feet on a 
large number of subjects at sitting reste 


Curve 5' = Same as curve 5 except oxygen flow expressed at NTPD. 


Comment on paper by Captain HeGeSwanns "Oxygen Requirements with Constant Flow 
Equipment." 
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EXAMPLE OF CALCULATION 


Soa Level Requirenent 
Mayo Aero Medical Unit 


Standard temperature, 0° C,, and pressure, 760 MMe, ArVe 


| STPD = 
760 mm, = Barometric pressure at sea level, 
47 0m. 5 Pressure of water vapor in saturated air at body temperature of 37° C, 
. Sat. = Air saturated with water vapor, 
. B= Ambient barometric pressure, 
| 0.2094 = Per oent oxygen in air, dry. 

0.7906 = Per cent nitrogen and other gases in air, dry, 

fT = Tracheal air = Inspired mixture at B, 37° Cy, sat, = condition of gases 


in body. 
Vq = Volume inspired mixture measured at B, 379 C. sat. 
TPOo = Pressure of oxygen desired in tracheal aire 
For sea level equivalent = (760-47) 0.2094 = 149,3 mm, 
® $,000 ft, ad = (632=47) 0,2094 = 122.5 mn, 
© 6,000 ft, * = (60947) 0,2094 = 117.7 mm, 
AVOo = Volume oxygen measured at B, 37° C, sat, added to inspired mixture. 
AVO a empp = Volume oxygen, STPD, added to inspired mixture, 


‘For soa level equivalents 


AVO5 = 149.23 = 0.2094 (B-47 
. 0.7006 (B=47)—SCSC<SC‘CT 


AVOs = dite Rtn oo LGLR2S Aas x 1, where Vp = 1 liter, 
0,7906 (Be47) 0,7906 (B47) 


AVO2 = wr ~ 265 


Therefore at 15,000 feet: 


AVO2 = et = .265 = 04229 Ly added per liter ventilation 
Ns = 22,9% as both measured at B, 37° C, sat, 


760 273 + 37 


Vp = 10 Ly per minute when the aviator is sitting quietly (B, 37° C, sat,.), 
eit kl, * ® 7; . "doing light work " dees | Rot : 
om kh * ° roe . " =" fairly heavy work (B,37° C,sat.), 


WOosmpp = = 0.1014 L, oxygen, 760, 0° C, dry, 


I0> = Amount of oxygen in inspired mixture dry consisting of 


(a) the oxygen in air, and 
(b) the oxygen added necessary to maintain the desired oxygen equivalent. 


429 
Pie = 14903 2 atkins = 16747 om 
2 : 429—47  Aaeges os 
Table 2G (a 


%I0o = it x 100 = 39,09%, August 1943 
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MAYO AERO MEDICAL UNIT 


DATA FROM HIGH ALTITUDE LABORATORY 


Group III 


PERCENT SATURATION HEMOGLOBIN DETERMINED BY 
a) Van Slyke blood gas analysis, (b) oximeter and (c) alveolar p02 


{1)  IIIml0f March 1943, WeM.Boothby and R.F.Rushmere 
(a) Calibration oximeter. 
(>) Comparison of oximeter reading and alveolar p02 when oximeter 
set at 100% on oxygen it is found hemoglobin is 97% saturated. 
when subject is breathing aire 


(2) III-l0g March 1943, W.M.eBoothby and F.J.Robinson. 
Same as in (1) except conditions of experiment slightly. different. 


(3)  IIIel0h May 1943, replotted July 1945, WeM.Boothby. 
The data of (1) and (2) replotted to show direct correlation percent 
saturation by oximeter against barometric pressure, 

(4) III-10k May 1943 data replotted April 1946, W.M,Boothbye 
The averages of data in (3) are plotted together with data from Naval 


Medical Research Institute, Bethesda, 


(5) IfI-B0. February 1943 replotted April 1, 1943 end again July 1946. 
MH, Power, JeP.Marbarger and G.B,Taylor, 
Arterial hemoglobin saturation by blood gas compared with oximeter 
at high altitudes with and without positive pressures 


(6) ZIII-80 February 1943, replotted July, 1946. 
MeH,Power, J.ePsMarbarger and CeBoTaylore 
Mayo Aero Medical Data and Wright Field data with and without positive 
pressures 
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MAYO AERO MEDIGAL UNIT 
ARTERIAL BLOOD OXYGEN GONTENT 
DETERMINATION VS OXIMETER READINGS 
COLEMAN OXIMETER-MODEL 17,NO. 5769 
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MAYO AERO MEDICAL UNIT 


DATA FROM HIGH ALTITUDE LABORATORY 


Group IV 
VITAL oa 


(1) XIX=2b September 1943, HeAsRobinson and F.J.Rebinson 
Method of measurement = Errer produced by absorption of C02 


(2) XIX#2a September 1943, H,aA,Robinson and F.JeRobinson 
Method to determine effect of positive pressure breathing. 


(3) XIX-2c September 1943, HeA.Robinson and ¥F.JeRobinson 
Effeot of positive pressure treathing on relation of complimental 
and reserve aire 


(4) XIX=24 September 1943, HeAeRobinson and PsJ,Robinson 
Error in vital capacity by absorption of C02 = Greater the 
higher the altitude, 
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Group V 


MAYO AERO MEDICAL UNIT 


DATA FROM HIGH ALTITUDE LABORATORY 


VOLUNTARY HYPERVENTILATI dis) a 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


X=12(a,b,c,de) November 1941, Redrawn 1944, W,M.Boothby, R.F.Rushmer 
and J, Wilson, 

Graphic representation of data on 4 subjects. Ventilation rate, 
Respiration Rate, [xygen Consumption, Alveolar and Expired Air ReQe, 
Alveolar p02, Alveolar pC02 and C02 deficit. 


X+10 November 1941, Redrawn 1944, ReF.Rushmer, J,Wilson and WeM.Boothby,. 
Variation of alveolar pC02 with ventilation rate. 


X~11 November 1941, Redrawn 1944, R.aF.Rushmer, J.eWilson and W.M,Boothby. 
Variation of alveolar pC02 with body deficit C02, 


X-13a October 1941, W.MeBoothbye 
Respiratory curves on subject ReTePe with notesa 


X=-13b October 1941, WeM.Boothbys, 
Respiratory curves on subject ReWeB. with notes, 


X-13d October 1941, W.sMeBoothby. 
Respiratory curves on subject J,WeWe with notese 


- 


VOLUNTARY HYPERVENTILATION 
Graphic representation: on four subjects 


50 APA 10 ~13~ 41 ExP. 8 9-17-41 ExP.c 9 ~ 26-4) ExP_0 10-8—4 30 Exp. A, 0-9-4) Exp 8, 9-18-41 Exp.C, 10-22-41 Exp 0, 106-41 
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Oz CONSUMPTION cc./min. 
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HYPERVEN 


MAYO AERO ‘ ; 
Chart No. X= 12 @ Nov. 1944 O 61 ILO IT: O 65 l23173 O 64115 I73 
= ° 10.5 


222 ° NO 29.0 
Mayo Aero Medico! Unit TIME IN MINUTES Boothby, Rushmer ond Wilson 
Chart no. X-12b 


EXPERIMENT B 10-14-41 EXPERIMENT © 9- - 50 


VENTILATION RATE L/min. 


of RESPIRATION RATE 


| 
O2 GONSUMPTION cc. /min. 


CO2g DEFICIT |LITERS sTPD 2 VENTI 5 ~ 20 


10.6 


— 3 -) ° 103 CO 
‘Mayo Aero Medical Unit TIME IN MINUTES 40189 


° 8 | ns 1.2 165 0 3) 68103 
Chart no. X -12¢ J] Oo 103 027 
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~ VOLUNTARY HYPERVENTILAT ION 
VARIATION OF 
ALVEOLAR COz WITH VENTILATION RATE 
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VOLUNTARY HYPERVENTILATION 


VARIATION OF 
ALVEOLAR CO2 WITH BODY DEFICIT CQo 


NM 
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Nn 


ALVEOLAR COo2 mm. Hg. 
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2 > 4 3 
DEFICIT BODY COe IN LITERS STPD 


MAYO AERO MEDICAL UNIT Rushmer , Wilson and Boothby 
CHART NO. X-II Oct. 1944 


MAYO AERO MEDICAL UNIT 


VOLUNTARY HYPERVENTILATION | 


Subject RTP 


‘ 
a a ee ee ee ee ee 


EXPER DIENT B Sept. 18, 1942 
en Oct. 9, 1962 Normal Breathing 


1 minute, quickly becoming normal. 


Hyperventilation fer 17.5 minutes. Hyperventilation for 17.3 minutes. 
Ventilation rate: 2.5 times normal. Respiration rate: 2.0 times normal. Ventiletion rate: 2.0 times normal. Respiration rate: essentially normal. 1 
: — ae — = + 

| 
lst. Period | 
lst. Period | 
= 

(Upward trend due to i 
i} 

leak around neck of ' ) 

2nd. Period | 
subject as he was ; 

2nd. Period 7] 
breathing inside } 

| 

coffin.) tH 
Srd. Period ‘| 
| 
{ 

3rd. Period 

H 

i 
: . 

j 

ls*. Period 
Recovery 

rf 

2nd. Period Mo subjective symptoms noted, On stopping hyperventilation irreguler breathing for 


No subjective symptoms produced and breathing wes essentially normal after 
stopping hyperventilation. 


Oct. 22, 1942 Coby Gs teat 


Hyperventilation for 17.9 minutes. 


Hyperventiletion for &.5 minutes. 
Ventilation rate: 3.0 times normal. Respiretion rate: essentially normal. Veatiletion rate: 3.6 times normal. Respiration rate: essentially normel. 


{ 
lst. Period | 
2nd. Period 

t 

{ 

4 

{ 

. 
3rd. Period 2n4. Period ; 


Recovery 
1st. Period 


2nd. Period 


Towards end of 2nd. hyperventilation period the subject noted numbness of face and ; 
fingers; carpopedal spasm was marked. Subject became very week and experiment was 


discontinued. It was impossible to obtain tracing of the respiration during 
recovery. 


{ 
| 
| 
} 
Ld 
No special subjective symptoms recorded, but following the voluntery hyperventilation ; 
the subject continued to breathe somewhet deeper, although more slowly than normal for t 
14 min., followed by the development of a rather typical Cheyne-Stokes’ rhythm for about ; 
5 min.; respiration then continued shallow with less marked rhythm. ‘ | 
(Downward trend of curve due to leak around neck of subject as he was breathing 
inside coffin. ) y 


Chart no.X-I3a 


MAYO AERO MEDICAL UNIT 


VOLUNTARY HYPERVENTILATION : | 
Subject RWB | 


Oct. 8, 1042 Oct. 14, 1941 


Hyperventilation for 4.0 minutes. ~ : 
Ventilation rate: 7.1 times normal. Respiration rate: 1.7 to 5.0 times normal. 


Hyperventilation for 17.7 minutes. 
Ventilation rate: 2.6 times normal Raspiration rete: 2.3 times normal. 


lst. Period 
lst. Period 
After 3 minutes of maximal voluntery hyperventilation the subject : 
pessed into stage of involuntary hyperventilation of a panting : 
character which continued s minute or more, ending finally in eat Hartod i 
complete apnea. An alveolar air sample was obtained with a 
difficulty towerds end of period of involuntary hyperventilation. { 
i 
\ 
t 
Sra. Period 


The apnea was complete for more than 1 minute followed by shallow and irregular 

bresthing with several short periods of apnea for about 3 minutes. The respi- Recovery 
ration remained irregular and shallow for the next S minutes, gradually becoming 

more normal. Although trecing for first 13 minutes of recovery was obtained, 

it was impossible to collect the expired sir for the metabolism determination. 


No symptoms noted. After hyperventilation ceased the respirations remsined ; 
irreguler for ebout 2 minutes, followed by one minute of very shallow respi- -, 
ration amounting elmost to an apnea. Breathing then tended to became normal. : { 


EXPERIMENT C Sept. 18, 1941 EXPER DENT D Sept. 30, 1941 


Normal Breathing 


1 

: 

Normal Breathing | 
; 

j 

i 

tiletion for 16.5 minutes. } 
Hyperventiletion for 19.0 minutes. Hyperven' E 
Ventilation rate: 2.0 times nomal. Respiration rate: essentially normal. Ventilation rate: 2,8 times normal, Respiration rete: essentially normal. 5 { 


During the hyperventiletion the respirations were maintained deep and regular 
throughout. In the 15th. minute he beceme dizzy and on stopping hyperventilation 
he continued breathing deeply for $ miaute; the respiretions were then shallow and 
irregular for 1 minute, after which bresthing tended to becane normal. 


Good deep and regular breathing during hyperventilation. Following last alveolar air 
still automatically continued to breathe deeply for nearly « minute, then shallow 
breathing for 2 minutes, and arter that the respirations were normal. 


. ‘ { 


Chart no. X- 13 b wer ee 


lst. Period lst. Period “ 
i 
1 
2nd. Period 4 
2nd. Period | 
: 
Srd. Feriod 
3rd. Period | 
+] 
Al 
4 
Recovery : | 
; / 
} 
i 


MAYO AERO MEDICAL UNIT 


VOLUNTARY HYPERVENTILATION 


Subject JWW. 


EXPERDUE:T A Oct. 13, 1942 


Normal Breathing 


Fyperventilation for 18.0 minutes. 


Ventilation rete: 2.1 times normel. Respiration rete: 2.1 times normal. 


lst. Period 
During the hyperven- 


tiletion period the 


subject breathed 


2nd. Period 


rhythmically, es- 


pecielly during the 
Sra. Period 


first and third periods. 


No subjective symptoms were noted. Following the hyperventilation the respirations 
were irregular and shallow for a short time but were definitely rhythmical. 


Sept. 26, 1941 


‘ 


Hyperventilation fer 18.5 minutes. 


Ventilation rate: 2.5 times normal. Respiration rate: essentielly nomal. 


let. Period 


2nd. Period 


Sra. Period 


Recovery 


Following hyperventilation the respirations for 
2 minutes were shallow and irreguler, with short periods of apnea. The respi- 
rations then became rhythmic for several minutes before becoming essentially 
normal. 


No aubjective symptoms noted. 


Chart no. X- 13d 


EXPERIMENT B Sept. 17, 1941 


Normal Breathing 


tiyperventilation for 19.3 minutes. 


Ventilation rate; 2.3 times normal. Respiration rate: 


essentially normel. 


lst. Period 


2nd. Period 


grad. Feriod 


ee = oe © oe 
No subjective symptoms noted. On cessetion of hyperventiletion the respirations 
were very shallow and irregular for 3 to 4 minutes with occastonal short periods 
of apnes. Following this the respirations showed a tendency to be rhythmical. 


EXPERIMENT D Oct. 8, 1941 


Normal Breathing — 


Hyperventiletion for 11.4 minutes. 


Ventilation rate: 7.2 times nomal,. Respiration rate: 


1.7 times nor 


ist., 2nd., 3rd,} 
Periods 


(2) spasm of masseter muscles interfering with oral breathing 
(3) carpal spasm lasted 4 minutes 

(4) twitching arms end forearm 

(5) nystagmus greater ox the right eye then on the left 


lst. Period 


Following hyperveatiletion the subject went into practically complete apnea 
lasting about 24 minutes. Symptoms so bed that recovery gesometer period 
was not started until subject started to breathe, and about 1 minutq before 


end of carpal spesm the relaxation of the masseter muscles so that mouth 
Piece could be introduced. 


2nd Period 


Not until 7 minutes after hyperventiletion stopped did the subject begin to 
feel normal, during which time breathing was irregular and somewhat rhythmic. 


Srd. Period 


‘ Dec. 1944 


Group VI 


MAYO AERO MEDICAL UNIT 


DATA FROM HIGH ALTITUDE LABORATORY 


/ 


NITROGEN ELIMINATION AND EFFECT OF PREOXYGENATION \/ 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


} 
VI~l Ootober 1941, J.Piccardi modified by W.M.sBoothby. 


Relative size of the air bubbles and the water volume from which the 
molecules must comes 


VIIel October 1940, W.M.Boothby, WeReLovelace and 0.0.Bensone 
The rate of nitrogen elimination (plotted on semi~log paper). 


VII-la October 1940, W.M.Boothby, W.R»Lovelace and O.0sBensons 
The rate of nitrogen elimination (plotted on log-log paper)e 


VII-2 November 1942, ¥F.eJeRobinson, HeC.Shands and E.Larsony 


Comparison of (1) Gaseous nitrogen eliminated from the lungs (accumulated) 


while breathing oxygen and (2) Venous (antecubital) blood nitrogen 
content. 


VIIe~3 September 1942, F,J.Robinson. 

Comparison of nitrogen eliminated by heavy and light subjects 
(a) body weight 
(b) transposed proportionally for weight of 70 kégse 


VII-8b August 1944, J.BeBatemano 
Effect of preoxygenation on degree of immunity from symptoms of bends, 


VIIe8ce August 1944, J.B. Batemans 
Effects of prolonged inhalation of gas mixture compared with effects of 
preoxygenations 


VII~8e August 1944, J.BeBateman. 
Comparison nitrogen elimination curves from data of Behnke and Willmon 
with data of Boothby}! Loyelace and Bensone (Semi-log paper plotting 


fraction of normal dissolved nitrogen remaining after oxygen inhalation). 


VII-8d4 September 1944, J.B.Batemane 
Principle of equilibration method in study of decompression sickness 


VII-8g August 1944, J.B,Bateman. 
Scores obtained after "equilibration" with gas mixtures. 


VIIe8f-2 September 1944, J.B.Bateman. 
Course of elimination of symptom=—producing nitrogen. 
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EFFECTS OF PREOXYGENATION 


DEGREE OF IMMUNITY (ARBITRARY UNITS) 
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EFFECTS OF PROLONGED INHALATION OF GAS MIXTURES 


COMPARED WITH EFFECTS OF PREOXYGENATION 
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REMAINING AFTER OXYGEN INHALATION 


NITROGEN ELIMINATION CURVES 
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MAYO AEBRO MEDICAL UNIT’ 


DATA FROM HIGH ALTITUDE LABORATORY 


Group VII ( 


EFFUSION TIME OF GASES AND THEIR FLOW CHARACTERISTICS THROUGH SINGLE ORIFICES / 
AND THROUGH SPONGE RUBBER DISKS. 


(1) XX=1 January 1939, WeMeBoothby and H,O,Brewn 
Effusion time of gases through 0.005 inch orifice at various pressurese 


(2) V3 February 1945, WeMeBoothby 
Repetition of experiments of Boothby, Lovelace and Benson in 1940 on 
flow characteristics of sponge rubber disks. 


(3) V4 February 1945, HsF.Helmholz Jre 
Flow characteristics of 1/2" and 5/16" orifice and 2 standard sponge 
rubber disks. 


(4) V=5 February 1945, H.F,Helmholz and WeMeBoothby 
Comparison of resistance characteristics at ground level and at 28,000 ft, 
to increase gas flows (1) 1/4" orifice (2) Two dry sponge rubber disks 
(3) Two wet sponge rubber diskse 


(5) V=6 May 1945, W.M.Boothby 
Flow characteristics of air, argon and helium using adjustable low re=- 
sistance flow meter with varying number of sponge rubber disks» 


(6) Ve? May 1945 W.M.Boothby 
Same as (5) with comparison of ground and 30,000 ft, 


(7) V8 March 1946, W.M.Boothby 
Flow characteristics of Oxygen using adjustable sponge rubber resistor 
with 1 to 6 disks. 


(8) V9 March 1946, W.M.sBoothby 
Same as (7) for Argon. 


(9) V=lO March 1946 W.M,Boothby 
Sane as (7) for Heliun 
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FLOW CHARACTERISTICS 


Same method as used in !940 
by Boothby , Lovelace and Benson 
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. =< #isg ONE OPEN ORIFICE 
= | 4/16" DIAMETER 
a 
BO rl.6 PRESSURE DIFFERENTIALS 
.0?> PRODUCED BY INDICATED 
— ey VOLUME FLOW OF OXYGEN 
! wl .4 (B=730mm., T= 25°C, DRY) 
a EXPRESSED AT STPD. 
a 
a 1.2 
v4 
oO 
: 1.0 
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0.4 | TWO STANDARD 
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FLOW GHARACTERISTICS 


VOLUME FLOW OF AIR (B= 735mm, Ts 25°C, SAT.) 
EXPRESSED AT STPD.,AT INDICATED PRESSURE DIFFERENTIALS 


26 SINGLE ORIFICE | ? SINGLE ORIFICE 
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MAYO AERO MEDICAL UNIT 


DATA FROM HIGH ALTITUDE LABORATORY 


Group VIII 


MISCELLANEOUS 


(1) 


(2) 


(3) 


(4) 


(5) 


(0) 


(7) 


(8) 


XI#6 November 1939, H.O Brown and WeM.Boothby 

Respiratory curves producéd by 

(a) Decreas ng oxygen concentration and (b) increasing carbon dioxide 
concentratione 


XIVel January 1940, W.sM.Boothby and 0.0.Benson.Jr, 
Oxygen consumption and ventilation rate per minute at various altitudes 
while breathing oxygene 


IIIe5A June 1942, Lt. MeMason Guest, Wright Field, 
Oxygen dissociation curves for human bloods Curves based on data of 
Major Dill Wright Field Aero Medical Unit. 


IX=-7 August 1944, HeFeHelmholz Jre, JeBeBateman and WsM.Boothby. 
Increased circulation rate with anoxiae 


IIIe#l2a November 1944 H. FeHelmholz Jr, 

Oxygen carrying capacity of the blood. The effeot of altitude with 
and without the addition of oxygens. Arterial hemoglobin saturation 
calculated from experimental alveolar air data by means of Henderson's 
nomograme 


III-12b November 1944, H,¥F.Helmholz Jre 
Effect of decreasing barometric pressure on oxygen transport by the 
blood increase in circulation. 


III=<12c November 1944, H.F,Helmholz Sre 
Oxygen carrying capacity of the blood. Effect of pressure breathing.e 


IvV-2 July 1940, WeReLovelace. 
Compardtive volumes of gases (saturated at 37°C) inside the body at 
various altitudes. 


MAYO AERO MEDICAL UNIT 
RESPIRATORY CURVES 
DEGREASING OXYGEN GCONCENTRATION 
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MAYO ABRO MEDICAL UNIT 
OXYGEN CONSUMPTION AND VENTILATION RATE PER MINUTE 
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MAYO AERO MEDICAL UNIT 


INCREASED CIRCULATION RATE WITH ANOXIA 


Ig e) 2 24 


HOU WU WU) 


Ait. 1000's ft 10 | 


a aang 00 450 


ey te oe ees Oe Ca es ok oe ee) op 
hie vega Fake U ED 


m MANU Bhatt 3 I+ bo el re 


ey 
(e) 
oi 


mercury — 


on 
or 
‘ae 
; 3 
; jee oO fate 
nw 
iO) 
de 


' Millimeter 


-ARTERIAL HEMOGLOBIN SATURATION, wee 


Percent Saturation | 


VENOUS OXYGEN PRESSUR E 


| Millimeters mercury | 
Mm 
oO 


as 


28 mm. 


To maintain Vp 0, at Ok men. 


Relative increase 
WN 


ae) 


P aatsoneh | 


sparnearaeersa tae se ne es -meb met an al espe eb 
1 See Fae hes & ; ee Seat IR i 

| | | oe | Y 
a “ae NOL i eared voter Poh He : 
a od, De aks eal is | | Be Aaa fe 
E40) | + aaa pa ae eae 

, ===" soo eae ‘am 
= oi. eae. aa = $2 | i SVs ee See | 4 | 

Se ier | it +tt - | : 
ar Weare 


500 450 400 350 00 


i .. ‘ar.iooo'stt.lO 2 IS 18 20 22 24 
a Chert IX ~7 $ Helmholz, Bateman and Boothby Aug: 1944 


Oe eee ee 


OXYGEN CARRYING CAPACITY OF THE BLOOD 


The effect of aititude with and without the addition of oxygen 
Arterial hemoglobin saturation calculated from experimental alveolar air data by means of Henderson's nomogram 
PRESSURE (TENSION) mm. Hg. 
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EFFECT OF DECREASING BAROMETRIC PRESSURE 
ON OXYGEN TRANSPORT BY THE BLOOD 
INCREASE IN CIRCULATION 


PRESSURE ( TENSION) mm. Hg. 
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OXYGEN CARRYING CAPACITY OF THE BLOOD 


EFFECT OF PRESSURE BREATHING 
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Alveolar pOg with increasing Mask Pressure 2 
35 mm.( Experimental development only) 


"Above 45 M“- 22 mm. Hg (i2in. HzO ) 
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Comparative volumes of gases (saturated at 37°C*) 
inside the body at various altitudes 
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Appendix 


For the convenience of readers 
the bibliography of papers previously published on 
Anoxia and Oxygen in Aviation Medicine am in Clinical Medicine 
by various members of the Mayo Clinic and Mayo Foundation 
are presented in an Appendix. 


4 = Oxygen and Anoxia 
B = Decompression Sickness 


C = Pressure Breathing 


D = Oxygen Equipment 


E = Miscellaneous 
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A=2 


A~6 


cole 


A, OXYGEN AND ANOX 


Oxygen and air pressure at varieus altitudes as they influence the efficient 
funotioning of the aviator, Part I, Effect of water vapor, “Tracheal air" 
{ (b-42202 | basis for comparing altitudes when breathing air, oxygen or mixtures 
using nitrogen to simulate altitude, Part II, The rele played by combustion or 
respira*ery quotient, hyperventilation and diffusion of gases in the final gasecus 
equilibrium in the pulmonary alveoli resulting in alveolar ratio, 
By Waitor M. Boothby, 

Auge 1942, CMR Special Report No, (fuj2 text obtainable on 

request) 
Oct, 1944, Abstracts CAM Repert No. 340, 


Indoctrination of 21 crews of 307th Bombardment Group, 
By Wa--ter M. Boothby, 
Oct, 1942, AAF{CMR Report: Serics 4, No, 2. 


Indootrination of 21 crews of 307th Bombardment Group (abstract), 
Py Waiter M. Boothby. 
Dec. 1942, CMR-OSRD Progress Report No, 6. 


Compari3zon of alveolar oxygen pressures, oximeter readings and percentare satura= 
tion-of hemoglobin, Ne®mal arterial saturation approximately 97 per cent. 
by Valtor M. Boothby and F, J. Robinson, 

Apr. 1943, NRC (Cem. Oxygen & Anoxia) Report No. 2, 


Comparison of alveelar oxygen pressures, oximeter readings and percentage saturae 
tion of hemoglobin, 
By Walter M, Boothby and F, J. Rebinson, 

June 1943, CAM Repert No, 163. 
Above replotted and combined with data from Naval Medical Researoh Institute, 
Bethesda, Maryland, 
By Walter M, Boothby, 

Auge 1945, CMR-OSRD Progress Report No, 16, 


Disoussion of alveolar air data (sea level versus 5000 foot standard) by Boothby, 
Helmholz and Robinson, 
By Walter M, Boothby. 

July 1943, CMR=-OSRD Progress Report No, 7. 


"Tracheal“ versus “alveolar” airs <A review of the methods of selecting certain 
physiological data bearéng om the design of oxygen supply system for avictors, 
By J, B, Bateman and Walter M, Boothby, 

Deco, 1943, CAM Report No, 222. 


Comparison of alveolar air data en men and women at various aL Fi tedes « Chart 
I<6e with tabulated data, 
By Walter M. Beothby, 

Apr, 1944, CMReOSRD Progress Report No, 9, 
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Lew l.3 


Lm14 
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"racheal oxygen pressure ((Bea7)t02 ]. Best peint of reference for comparison of 
altPevdar.s 
by Walter M. Boothby, 

Jan, 1944, CMR-OSRD Progress Report No, 8, 


Comesaricon botween low altitudes breathing air and high altitudes breathing oxygen 
on bow.h the tracheal and alveolar air basis: 3 charts No, I=6d=—b, I-6dec and 
TeCd<c, hase sharts are obtainable in large size for use in class and pressure 
ehombcor inst cuctiou, 
Py Waiter M, Boothty,. 

June 1944, CMR=OSRD Progress Report No. 10. 


Live>lar respiratory quotients: an experimental study of the difference between 
4rng and a'lveclar respiratory quotients, with a discussion of the assumptions 
imvoive*’ in toe caleulation of alveelar respiratory quotients and a brief review 
ef experimontsl evidance relating to these assumptions, 
Dy J. P, Patoman anc Walter M, Boothby. 

June 1944, CAM Report No. 341, 


Comments on "4 Stuiy of Hyperventilation as a Means of Gaining Altitude and 
Vo unitary Feossure Breathing” by L.E. Chadwick, A.B. Otis, H, Rahn, Mei, Epstein 
ani W¥.0, Pena, OM Report Nos 302, May 22, 1944, mado at the request of Chief, 
wooo Modieal bLaberatory, Engineering Division, Wright Field, Ohio. 
os Be, Batomaa 

July 1944, AAP=CMR Report: Series A, No, 8 (Wright Field), 


The eifscts of altitude anoxia on the respiratory processes, “Tracheal” and 
",lvoola" reference points in regard to comparable altitudes3 steady and seni 
cteedy states, 
Py FE. F, Helmholz, Jr., J. B. Bateman and Walter M, Bepthby. 

dug. 1944, CAM Report No, 360, 


The reduction of alveolar carbon dioxide pressure during pressure breathing and 
its velaticn to hyperventilation, together with » now method of representing 
the offects of hyperventilation. 
by J. 5, Bateman and Walter M, Boothby, 

Sept. 1944, CAM Report No, 381, 


To study the effect of acclimatization of individuals to 6,200 feet altitude upon 
the alveclar air, Joint study of Wright Field and Mayo Jere Medical Unit mado 
at Peterson Field, Colorado Springs, 
By Capt. J. W. Wilson (and Walter M, Boothby). 
Sept. 1944, AAF{CMR Serial No, Eng, 49~696=42 F, 
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Aw16 Sea level alveolar pCO, and p02 carried out at San Diego in ceoperation with tc 
lich Altitude Laboretory of Consolidated Vultee Aircraft Corporation, 
Jy i, ®. Helmholz, Jr. 
June 1944, Progress Report No,» 10, 


A-17 Alveolar respiratory quotients: an experimental study of differences between 
truc cxpirod diy and alveolar respiratory quotients, 
By J- B, Bateman and Walter M, Boothby. 
Oct. 1944, CMR=OSRD Progress Report No, ll. 


A118 iffeots of altitude anoxia on respiratory processes by Helmholz, Bateman and 
Boothby, Preliminary notes, 
By Valver M. Boothby. 
Oot, 1944, CMR=-OSRD Progress Report No, ll. 


Ae-19 Gomments on "The Caloulation of Equivalent Altitude” by J.S, Gray, prepared at 
vequess of Chief, Aero Medical Laboratory, Engineering Division, Wright Field, 

By J» B, Bateman, 

; Oct. 1944, AAP*CMR Report: Series A, No, 9 (Wright Field), 


Ar 20 Study of residual air and lung emptying time. 
i By H. F. Helmholz, Jr, and J.B. Bateman, 
Oct, 1945, CMR-OSRD Pregress Report No, 17, 


f=-21 Unequal pulmonary ventilation, residual air and “average” alveolar aire 
By J. B, Bateman, 
Feb, 1945, CMR=OSRD Progress Report No. 13, 


Aw22 Unequal pulmonary ventilation, residual air stressing errors due to nitrogen 
elimination, 
By J. B, Bateman, 
July 1945, CMR=<OSRD Progress Report No, 15, 


iue23 Effect on ceiling attainable and on the alveolar air data of 3 individuals 
originally acclimatized to low levels (1,000 feet, Rochester, Minnesota) on 
going té the higher levels around Celorado Springs (6,200 feet), 
By Walter M, Boothby, Mayo Aero Metical Unit and J, W, Wilson, Wright Field, 
Aug. 1944, AAP-CMR Reports Series 1, No. 8a, : 


iem24 Dark adaptation, 
I, Apparatus and methods, 
II, Effects of anoxia. 
III, Bffects of fasting and ef high carbohydrate meals on the courses and thresheld 
values of dark adaptation obtained at ground levels, using air and oxygen, 
By C, Sheard, J, W. Brown and K, G. Wilson, 
June 1942, AAF=CMR Reports Series B, No, l, 
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B. DECOMPRESSION SICKNESS, 


Accumulated nitrogen elimination, 
By Walter M, Boothby, W, Randolph Lovelace and Otis 0, Benson, 
AAF=CMR Report, Wright Field, 
Abstracted in Physiology of Flight, 1940-42, page 27, Fig. 15, 


Demonstrating air bubbles in wrist joint by roentgenogram while at 35,000 foct, 
By Walter M, Boothby, Otis O, Benson and Harold A, Smedal. 
AAFeCMR Report by Wright Field, 
Reproduced in Physiology of Flight, 194042, pafe 26, Fig, lia 
and 14 b, 


Iecenprassion symptoms developing during indoctrination of 21 crews of 307th 
Bembardmucnt Group, 
By Waltcr M. Boothby. 

Oct, 1942, AAF-CMR Reports Series A, Now 2¢ 


Nitrogen elimination illustrated by three charts: Chart VII-l, accumulated 
nitrogon eliminated at regt and at works Chart VII-2, comparison (1) gaseous 
nitrogen eliminatod While hreathing oxygen and (2) venous blood nitrogen contents 
Chart VII~3, comparison of nitrogen elimination by heavy and light subjccts, 
By Waltcr M, Boothby and C, F, Coda, 

Sept, 1942, CMR-OSRD Progross Report Noe 5. 

Also detailed report by Code to Subcommittee on Decompression 

ickness, 


Aero-ombolism, Preliminary report on the protective effect of prolonged 
inhalation of air oxygen mixture by Bateman, 
By Walter M, Boothby, 

Apr, 1944, CMR=OSRD Progress Report No, 9, 


Aeromoembolism, Further data on protective offect prolonged inhalation sireoxygen 
mixtures by Bateman, 
By Walter M, Beothby, 

June 1944, CMR-OSRD Progress Report No, 10, 


Susceptibility to decompression sickness: the effects of prolonged inhalation 
of cortain nitrogen-oxygen mixtures compared with those of exposure to pure 
oxygen, 
By J. B, Bateman, 

Sept. 1944, CAM Repert No, 364, 


To study the effect of acolimatization of individuals to 6,200 fect altitude 
upen alverlar air, (Joint study by Wright Field and Mayo -.cro Medical Unit 
carried out at Peterson Field, Colorado Springs.) 
By Capt, J. W, Wilson, Wright Field. 

Septe 1944, AAF-CMR Repert No, Ing. 49-696—42 F, 
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Be9 Susceptibility to deoompression sickness: Notes on the effects of prolonfed 
inhalation of certain nitrogen-oxygen mixtures compared with those of exposure 
to pure oxygen, 

By J. B. Batoman and Walter M, Boothby, 
Oct. 1944, CMR=OSRD Progress Report No, ll, 


BeiO New wnathematical analysis of factors involved in explosive decompression, 
Ey H, F;, Helmholz, Jr, 
July 3, 1945, CMR-OSRD Progress Report No, 15. 


Bell 4 tentative physical formulation of the susceptibility of divers and aviators 
to decompression sickness and a review of the variows effects of inhaling oxycn 
upon saecoptibility. 
By J. B, Bateman, ’ 
Chapter in book on Decompression Sickness edited by J, F. fultur 
for the Subcommittee on Decompression Sickness, N,K.C,. 
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C, PRESSURE BREATHING 


The development of a laboratory model of a positive pressure jackot for use 
during positive pressure breathing, olosed circuit type using shell natron to 
absorb CO>, Flights up to 50,000 fect with physiologic observations, 
By C. B, Taylor and J. P,. Marbarger, 

Feb. 1943, AAF-CMR Reports Series A, No, 4 (Wright Ficld),. 


A study on the effect of positive pressure breathing on the artorial blood 
pressure, venous blood pressure and the cerecbro=spinal fluid pressure in 
the dog. 
By C. B, Taylor and J, P,. Marbarger, 

Fob. 1943, AAF¥CMR Report: Series A, No, 40 (Wright Ficld). 


Studios with photographic recerds of the cffeot of positive pressure breathing 
on the appearance of the retinal vessels on the intra-ocular pressure in mon 
and in the dog, 
By C, B. Taylor and J, P,. Marbarger, 

Fob, 1943, AAF-CMR Reports Scries A, No. 4b (Wright Ficld). 


The cffact of breathing against 30-35 mm, Hg on the cardiac output (Roontgen 
kymograph). 
By W, E. Erickson, C, B. Taylor and J, P, Marbargor,. 

Feb. 1943, AAF=CMR Reportt Serios A, No, 4c (Wright Ficld), 


Preliminary report on arterial puncture studies up to altitudes of 50,000 fect 
breathing agains4 positive pressure with counter pressure by the positive 
pressure jacket. 
By C, B. Taylor, J. P. Marbarger and M, H, Power, 

Mar, 1943, AAF=CMR Report: Serios A, No, 44 (Wright Fiold). 


Arterial blood studies at altitudes up to 50,000 foot, breathing under positive 
pressure in the positive pressure jacket, Movie to show technic and coordina» 
tion of operation at 50,000 fest. 
By M, H. Powor, C, B, Taylor and J, P, Marbarger, 
Mar, 1943, AAF-CMR Reports Serics A, No, 4e (Wright Ficld) 
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Eleotromencephalographic and electrooardiographic studies at ground level with 
pesitive pressure jackct, 
By C. B, Taylor and J, P, Marbdergor, 

Mar, 1943, AAF-CMR Reports Serios A, No, 4f (Wright Ficld), 
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Roentgen kymogwaph etudies on the effect of breathing against positive pressure 
tsirg the positive pressure rebreather bag, Inorease in rate with cpparent 
decrease in stroke volume, 
By ©. B. Taylor and J. Pe Marbarger, 

Mar, 1943, AuFeCMR Reports Series A, No. 4g (Wright Field), 


{a) arterial punotures at 44,000 and 46,000 feet with elcotrocardiograms, 
Positive pressure breathing with new vest of Marbarger and Taylor, 

(>) Flight with pressure breathing and vest to 50,000 fect by Lt. Marbargers 

(o) Flight by Lt. Marbarger in Prof, Akerman's pressure suit with 2% lbs. 
pressure plus positive pressure regulator using differential pressure of 
7 inches water to 56,964 feet corrected (above 50,000 feet for 15 min,) 

Cy C. B. Taylor and J. P. Marbarger, 
May 1943, AAF=CMR Report; Series A, No, 4h (Wright Field). 


crterial bleod studies at altitude of 44,000 and 46,000 feet breathing under 
ec: Ative pressure with Wright Field using positive pressure mask and regulstor 


Evian: by Major .. P. Gagge, -.C. and his group, 


Sy bh. He Power, C.B. Taylor and J.P. Marbdarger, 
May 1943, AAF-O1.R Reports Series .., No. 4j (Wright Field), 


Some preliminary observations on the partition of the total respiratory volume 
acting positive pressure breathing with and without the counter=support of a 
pressure jacket, 


“By C. B. Taylor, M, H, Power and J. P,. Marbarger, 


May.1943, 4.F-CLR Reports Series ., No. 4k (Wright Ficla). 


Summary of the development of positive pressure closed circuit jncket to be used 
to attain as high as 50,000 feet. 
By Walter M. Boothby, 

Apr. 1943, NRG (Gom. tie & aaeke' Sceeek | Noe 3 


The vital capacity, complemental and reserve sir, in positive oressure breathing, 
with and without corresponding counter pressures Attention directed to crrors 
ine to absorption of C@> by. soda lime, 
by H. 4. Robinson, F, J. Robinson and Walter i, Boothby. 

Sept. 1943, «uF-GMR Reports Series A, No. 5 (Wesent Field), 


Tests on various constant flow reducing valves and dieelinevs with snd without 
economizer bag. Normal and positive pressure regulstors, 

By Walter hi, Boothby. 

Jan, 1943, NRC (Gom. Oxygen & «noxia) Report No. 1. 


Visual adaptation and pressure breathing. 
By C, Sheard. peu ant TEN ‘ 
Apr. 1944, CWR+OSRD Progress Report Nos 95 «© 
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&-16 Difference in effect on alveolar pCO, by hyperventilation and pressure breathing. 
By Walter M, Boothby and J, By, Bateman. 
June 1944, CMR-OSRD Progress Report No, 10, 


U~1/ Nete on the reduction of alveolar carbon dioxide during pressure breathing and 
its relation to hyperventilation, together with a new method of representing 
the cffect of hyperventilation by Bateman, 

By Walter M. Boothby. 
Oct. 1944, CMR-OSRD Progress Report No, ll, 


C13 Improved design of counter=pressure vest. 
By Yalter M. Boothby, 
Oct. 1944, CMR-OSRD Progress Report No. ll, 


ye19 The reduction of alveolar carbon dioxide pressure during pressure breathing and 
iis relation to hyperventilation, together with a new method of represonting 
the cffects of hyperventilation, 
By J. B. Bateman, 
Sept. 1944, CAM Report No, 3381, 


C-20 Comments on "A Study of Hyperventilation as a Means of Gaining Altitude and 
Voluntary Pressure Breathing” by L.E. Chadwick, A.B, Otis, H, Rahn, M.,... Epstcin 
and W,0, Fenn (CAM Report No, 302, May 22, 1944) made at the request of Chief, 
Acro Medioal Laboratory, Engineering Division, Wright Ficld, 

By J. B. Bateman, 
July 1944, AAF-CMR Reports Series A, No. 8 (Wright Fiold), 


C=21 Report on positive pressure breathing (2) constant pressure (b) pulsating 
pressure (chest compression up to 4 om, Hg for short periods 3 to 4 times 
during expiration). 

By Walter M, Boothby and C, A, Lindbergh, 
Oct, 1944, AAF+~CMR Reports: Serics 4, No. la. 


C~w22 The cffeot of pressure breathing upon the skin tomperaturecs of the extremitias. 
By J. B. Bateman and Charles Sheard, 
May 1945, CAM Report No. 428.4 ° 


C=23 Effects of increased intrapulmonary pressure on dark adaptation, 
By C, Sheard. 
May 1945, AAF-CMR Report: Series LL, No, 12 


C=24 Motion picture showing roentgen kymographic studies of cardiac and rospiratory 
movements (with and without positive pressure at ground level and at high 
altitude, : May 1944), 

By Walter M, Boothby and H. F, Helmholz, Jr. 
Dec. 1944, CMR-OSRD Progress Report No, 12. 
Federation Proc,, Vol. 5, No. 1, page 3, 1946, 
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Furthor studies on the effect of positive pressure breathing on the appearance 
of the retinal vessels in man, A supplement to Serial Report, Series A, No, 4b. 
By C,. B. Taylor and J. P, Marbarger. 

Apr, 1943, AAF-CMR Reports Series A, No, 4 be2 (Wright Field). 


Partial pressures of oxygen and carbon dioxide of blood sampdes taken at 
simulated altitudes up to 50,000 fect, breathing under positive pressuro in 
the positive pressure jacket. 
By MM. H, Power; C. B. Taylor and J, P. Marbarger. 

May 1943, AAP-CMR Reports Series A, No. 41 (Wright Fiold). 


A semsarison of per cent saturation of arterial blood by chemical determination, 
to por cant saturation of arterial blood as determined by the oximetor. 
By F. 7. Rovinson, C, B. Taylor, M. H. Power and J, P. Marbarger. 

June 1943, AAF={CMR Report: Series A, No. 4m (Wright Field), 
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D. OXYGEN EQUIPMENT 


The advantages of both demand and constant flow system of oxygen administration 
are combined by the utilization of 2 small reservoir or economizer bag with 
thc demand type masks 
Ey Walter M. Boothby. ; 
Auge 1942, CMR Special Report No. l, 


Development of oxygen equipment. Physiological criteria to be considered by 
engineers, Requirements at rest and at work, Eight charts. Written in response 
to request by Lt. Comdr. L. D. Carson, (MC ) USN, transmitted through Dr, L. B, 
Lexner, NRC, 
By Walter M. Boothby. 
Aug. 1942, CMR Special Report No. 3. 


.Obrervations, experiences, recommendations and equipment related to bailing out 


at high altitudes. 
By Walter M. Boothby, K.G. Wilson, Mayo Aero Medical Unit, and C,a, Lindbergh 
and C. J, Clark, Ford Willow Run Bomber Plant, 

Oct. 1942, «4i.F-CMR Reports Series a, No. 1 (Wright Field). 


Bail-oute Observations, experiences and recommendations related to bailing 
eut at high altitudes, «abstract AAF~CMR Report No. l, Dec. 1942, by W. M, 
Boothby and C, A, Lindbergh. 
By Walter M. Boothby, 

Oct. 1942, CMR-OSRD Progress Report No. 6. 


Conservation of oxygen effected by the use of economizer bag on corrugated tube 
of demand regul-tor; with and without the use of the automix, 
By Walter M. Boothby, C. B. Taylor, J.P. Marbarger, BeP. Cunningham, F.J, Robdinscn 
and eR. Sweeneye 
Nove 1942, AAF-CMR Reports Series i, No. 3 (Wright Field). 


Conservation of oxygen effected by economizer bag in conjunction with demand 
regulator, «abstract AiF<CMR Report No. 3, Dec. 1942. 
By Walter M. Boothby, 

Dec. 1942, CMR~+OSRD Progress Report No. 6. 


Reducing valves, regulators and economizer bags, Administration of oxygen to 
aviatorse 
By Walter M. Boothby. 

Jon. 1943, NRC (Com, Oxygen & .noxia) Report No. l, 
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B-S8 Burns pneumatic balance resuscitator, Report of studies made at Mayo ero 
Medical Unite. 
By 0. CG. Olson, Wright Field, 
“ Deo, 1944, CMR-OSRD Progress Report No, 12, 


De9 Comments requested by Chief, wero Mediosal Laboratory, Engineering Division, 
Wright Field, on (1) “Adequacy of Reservoir Delivery Oxygen Systems," by 
Squadron Leader J.K.W. Ferguson, (2) "Optimum Sizes of Reservoirg for the 
Breathing of Oxygen," by Squadron Leader J.K.W. Ferguson, (3) “Evaluation of 
Constant Flow Reservoir Oxygen Mask System for Use in Navy Transport Planes,” 
Report No. 2, Naval Medical Researoh Institute Research Project X-391, 

By Walter M. Boothby. 
Dec. 1944, AAF-CMR Reports Series A, No. 10 (Wright Field), 


Ry~10 Oxygen requirements with constant flow equipment and comments on paper by Capte 
H. G. Swann, TSE.uL 3-696-42 H. 
By er hie Boothdye 
Fed. 1945, AF=CiuR Reports Series .., No. ll. 


Dell Properties of sponge rubber disks used in constant flow oxygen masks, 
By welser M. Boothby and H. F. Helmholz, Jr, 
Feb. 1945, CMR-OSRD Progress Report No. 13, 


Del2 Use of sponge rubber disks as resistance unit in a gas flow meter, 
By Walter ii. Boothby and H. F, Helmholz, Jr. 
apr, 1945, CMR-OSRD Progress Report No. 14. 


Del3 Cold chambers and small low pressure chamber and new large low pressure chamber, 
By Walter Mh. Boothby. 
May 1942, CMR-OSRD Progress Report No. le 


Del4 York refrigeration apparatus and new large low pressure chamber, 
By Walter M. Boothby, 
June 1942, CMR-OSRD Progress Report No, 2. 


D-15 Oxygen requirements in the design and in the production of air-oxygen demand 
regulators, 
By Walter M, Boothby, H.F,. Helmholz, Jr., and F. J, Robinson, 
July 1943, CMR-OSRD Progress Report Noe 7. 


Del6 Comparison of the properties of the sponge rubber disks used in the constant 
flow oxygen equipment with those of single orifices offering approximately the 
game resistance to flow, 

By Walter M. Boothbdy. 
Feb. 1945, CMR-OSRD Progress Report No, 13. 
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Eml Outlines and leotures for beginning and advanced air corps personnel, First 
edition prepared by Capt. M. Robert Halbouty, M.C., USa and Capt. Joseph i, 
Resch, M.€,, USA, while assigned to the Mayo «wero Medical Unit. 

Jan. 1942, First edition, 
Auge 1942, Seoond edition. 


E-2 First meeting of the Subcommittee on Oxygen and ..noxia in Washington. Visit to 
Naval «ir Station, Jacksonville and Pensacola. 
By Walter ki. Boothby, 
July 1942, Ci\R-OSRD Progress Report No. 3. 


E=-3 Comparative effects of toxic doses of digitalis and of prolonged deprivation of 
oxygen on the electrocardiogram, heart and brain, 
By Walter M. Boothby, W. H. Dearing, «. R. Barnes and H. BE. iEssex, 
auge 1942, CMR Special Report No. 2, 


E-4 Protection of the Mayo sero Medical Unit, 
By ae Ge Berens. 
4ug. 1942, GMR Special Report No. 4. 


E-5 <A laboratory aid. 
By Me Re Halbouty, J. A. Resoh and R. F. Rushmer, 
Aug. 1942 (2nd ed.) AAF-CMR Report No. la. 


E-6 Brief statement of experiments underway. 
By Walter M. Boothby, 
4uge 1942, CMR-OSRD Progress Report No. 4, 


E-7 Summary of data on the volumetric analysis of pure atmospheric air, 
By Walter M. Boothby, 
@ct. 1943, AAF-CMR Reports Series .., No. 6 (Wright Field), 


Be8 Review of *.. Study of Cerebral Physiology at High sltitude,*® by iielvin W, Therner, 
Major, Mi.C. Report No. 2, Project No. 60, frem the «rmy «ir Forces School of 
aviation iiedicine, Randolph Field, made at the request of Chief, --ero Medical 
Laboratory, Engineering Division, Wright Field, 

By Welter M. Boothby. 
Apre 1944, AAF-CMR Reports Series A, No, 7 (i#right Field), 


Ee9 New data on vieusl adaptation by Sheard, 
By Walter M, Boethby,. 
Apte 1944, CMR-OSRD Progress Report No. 9. 
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Motion pioture showing reentgen kymographic studios of oardiac and respiratory 


movements (with and without positive pressure ot ground and at high altitude, 
May 1944), 
By Walter M, Boothby and H, F, Helmholz, Jr. 
Dec, 1944, CMR=-OSRD Progress Report No, 12, 
Federation Proc,., Vol. 5, Noe ly page 3, 1946, 


Recording movements of ballistocardiograph using microprojector, 
By J, %. Bateman, , 
Oct. 1945, CMR~OSRD Progress Report No. 17, 


Summary of recent work on respiration, 
Br J, 3. Bateman, 
Mar. 1945, NRC (Com. Oxygen & Anoxia) Report No. 4. 


On the transmission of radiant energy (visible and ultraviolet) by materials 
submitted. 
By C,. Sheard, 

Sept. 1944, AAF=CMR Report: Series B, No. 2. 


Accumulated nitrogen elimination at rest and at work, 
By Walter M. Boothby, W. Randolph Lovelace and 0, 0, Benson, 
Nov. 1940, AAF-CMR Report. 


X=ray photographs demonstrating air bubbles in wrist joint at 35,000 fect, 
By Walter M. Boothby, 0. 9. Benson and H, A, Smedal, 
Dec, 1940, AAF«CMR Report, 
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Sept. 1942, CMR-OSRD Progress Report No. 5. 
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human centrifuge of the Mayo Acceleration Laboratory, 
By E. H. Wood. 
Feb. 1945, Wright Field Report. 
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Mar. 1945, Federation Proceedings, 4:4, 


A-4 Human centrifuge operation (motion picture). 
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